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P  E  E  F  A  C  E. 


The  design  of  this  Manual  is  to  describe  in  a  concise  form 
the  principles  of  worsted  and  woollen  spinning,  as  exem- 
plified in  the  machinery  employed  in  the  various 
processes  of  those  trades.  There  are  many  spinners,  both 
masters  and  workmen,  vwlid  k|R)w  their  business  with- 
out having  paid  much  attention'  to  the  reasons  why  the 
different  processes  are  employed  to  produce  required 
results  ;  and  there  are  probably  still  more  who  do  their 
work  by  rule  of  thumb,  and  never  take  the  trouble  to  make 
the  exact  calculations  which  are  really  required.  No  better 
example  of  this  can  be  found  than  the  way  in  which 
wool  is  generally  washed,  without  any  regard  to  what 
is  best  for  it,  but  merely  with  a  view  to  cheapness  and 
obtaining  a  good  colour.  That  this  arises  from  ignorance 
of  the  structure  and  nature  of  wool  is  most  probable,  and 
therefore  a  considerable  amount  of  space  has  been  de- 
voted to  this  branch  of  the  subject.  To  those  who 
desire  to  know  the  reasons  for  what  they  are  doing,  and 
to  have  in  a  convenient  form  the  rules  for  all  the  calcu- 
lations they  require;  it  is  hoped  this  book  may  be  useful ; 
while  to  those  who  are  not  actually  spinners,  but  who 
desire  to  have  an  insight  into  the  trade,  it  may  prove 
clear  and  instructive. 
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It  has  been  too  much  the  custom  to  consider  weaving 
as  the  one  important  part  of  the  textile  industries  ;  and 
in  all  discussions  on  technical  education,  spinning  and 
its  preparatory  processes  have  been  almost  if  not  entirely 
ignored.  It  may  be  doubtful  whether  a  spinning  school 
would  be  of  much  use  compared  to  its  cost ;  but  the  tecli- 
nology  of  the  trade  is  amply  sufficient  to  require  such  a 
work  as  the  one  now  presented,  while  weaving  may  well 
be  left  for  separate  treatment.  The  present  work  treats 
of  both  worsted  and  woollen  spinning.  So  far  as  I  am 
aware,  no  book  has  ever  been  written  on  the  former, 
and  yet  its  processes  are  much  more  numerous  and 
more  delicate  than  those  of  the  latter,  and  much  greater 
exactitude  is  required  and  can  be  obtained  in  them. 
Regarding  the  woollen  ti-ade,  and  especially  carding, 
much  has  been  wiitten,  and,  therefore,  little  that  is  new 
can  be  said ;  but  it  is  hoped  that  the  method  here 
followed  may  be  of  more  practical  use  to  the  carder  tlian 
has  been  the  case  with  other  books.  The  aim  has  been 
in  every  chapter  to  make  the  Manual  such  that  the  over- 
looker in  every  room  in  every  mill  will  find  it  a  guide  in 
his  work. 

Although  the  worsted  and  woollen  trades  ai-e  quite 
separate,  they  have  the  same  raw  material,  and  the 
initial  processes  of  sorting  and  washing  are  common  to 
both.  It  would  be  better  for  each  trade  if  it  knew  more 
of  the  other,  and  coidd  take  hints  from  it.  One  of  the 
weak  points  in  the  workmen  of  the  present  day  is  tliat 
they  only  know  their  own  branch  of  their  own  trade,  and 
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have  no  opportunity  of  obtaining  that  general  knowledge 
which  increases  their  power  of  usefulness.  This  work 
may  in  a  small  degree  tend  to  remove  that  defect,  and 
will  show  how  much  there  is  in  common  between  the 
two  trades. 

It  has  been  necessaiy  to  explain  the  workings  and 
construction  of  certain  machines  at  some  length,  rather 
than  to  confine  the  Manual  to  general  principles.  But 
in  any  manufacturing  trade,  the  principles  can  only  be 
seen  clearly  when  carried  out  in  practice  by  the  machinery, 
and  therefore  without  the  descriptions  they  would  only  be 
understood  by  those  actually  engaged  in  giving  effect  to 
them  in  daily  work. 

I  gladly  take  this  opportunity  of  thanking  those 
friends,  among  whom  I  will  only  mention  the  Manager 
and  overlookers  of  my  own  mill,  who  have  kindly  given 
nie  much  help  in  preparing  this  Manual. 

Walter  S.  B.  McLaren. 

Springfield  Mill,  Keighley. 
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CHAPTER   I. 

THE    NATURE    OF    WOOL. 

1.  Wool  and  Hair. — To  understand  the  processes  of 
the  worsted  and  woollen  trades,  and  the  principles  whicli 
underlie  them,  it  is  necessary  to  be  farailiarwith  thegrowth 
and  nature  of  wool.  It  is  hard  to  say  exactly  what  is 
the  difference  between  wool  and  hair.  Chemically  they 
are  the  same ;  and  though  few  persons  accustomed  to 
wool  would  Ijave  any  difficulty  in  saying  which  of  two 
samples  was  wool,  and  which  was  hair,  yet  the  fine  hair 
of  some  animals  grows  so  like  fine  wool,  and  the  coarser 
wool  of  some  sheep  becomes  so  like  strong  hair,  that  no 
exact  division  can  be  made  between  the  two  materials. 
Wool,  indeed,  is  but  a  variety  of  hair.  The  distinguish- 
ing mai'ks  between  the  two  are  chiefly  that  a  hair  lies 
straight,  and,  if  examined  under  a  microscope,  is  seen  to 
have  a  comparatively  smooth  surface.  Wool,  on  the 
other  hand,  is  waved,  and  its  surface  is  covered  with 
almost  innumerable  scales  or  serratures,  all  of  which  point 
from  the  root  to  the  tip,  and  thus  give  it  an  appearance 
like  the  edge  of  a  saw  or  a  fir-cone. 

2.  Growth  of  Wool. — The  growth  of  wool  is,  in  its 
chief  features,  similar  to  that  of  hair.  Mr.  Youatt,  a  well- 
known  writer  on  the  subject,  thus  describes  its  develop- 
ment and  anatomy: — "The  skin  of  the  sheep,  and  of 
animals  generally,  is  composed  of  three  textures.  Ex- 
ternally is  the  cuticle  or  scarf-skin,  which  is  thin,  tough, 
and  devoid  of  feeling,  and  pierced  by  innumerable  holes, 
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through  which  pass  the  fibres  of  wool  and  the  insensible 
perspiration.  Below  this  is  the  rete  mucosum,  a  soft 
structure,  its  fibres  having  scarcely  more  consistency  than 
mucilage,  and  being  with  great  difficulty  separated  from 
the  skin  beneath.  Below  this  is  the  true  skin,  composed 
of  innumerable  minute  fibres,  crossing  each  other  in 
every  direction,  highly  elastic  in  order  to  fit  closely  to 
the  parts  beneath,  and  to  yield  to  the  various  motions  of 
the  body,  and  dense  and  firm  in  its  structure  that  it  may 
resist  external  injury.  Blood-vessels  and  nerves,  count- 
less in  number,  pierce  it,  and  appear  on  its  surface  in 
the  form  of  papillae,  or  minute  eminences,  while  through 
thousands  of  little  orifices  the  exhalent  absorbents  pour 
out  the  superfluous  fluid.  In  the  fatty  and  cellular  sub- 
stance immediately  beneath  the  cutis,  or  true  skin — some 
say  embedded  in  the  true  skin — there  are  numerous  minute 
vascular  bulbs ;  they  arise  from  the  cellular  texture,  and 
penetrate  into  the  true  skin  ;  they  consist  of  a  double 
membrane,  the  outer  one  of  which  stops  at  the  pore,  or 
minute  aperture  in  the  skin,  and  between  the  two  mem- 
branes a  vascular  texture  has  been  traced.  From  the 
interior  and  centre  of  the  inner  membrane  there  proceeds 
a  minute  eminence  or  papilla,  which,  surrounded  by  the 
membrane,  projects  into  and  through  the  cutis,  while 
numerous  fine  filaments  unite  to  form  or  to  surround  a 
seeming  prolongation  of  the  original  papilla.  In  this 
way  it  gradually  penetrates  the  cutis,  the  rete  mucosum, 
from  which  it  takes  its  colour,  and  then,  either  pushing 
its  way  through  the  cuticle — the  displaced  poi-tion  of 
which  falls  off  in  the  form  of  scurf — or  carrying  a  part  of 
the  cuticle  with  it  as  a  kind  of  sheath,  it  appears  under 
the  form  and  character  of  hair." 

3.  Formation  of  the  Fibre. — It  must  not,  however, 
be  supposed  that  a  fibre  of  wool  is  a  solid  structure 
forced  through  the  skin  in  the  form  in  which  it  is  after- 
wards seen.  The  papilla  just  mentioned  is  composed  of 
a  great  number  of  very  minute  cells  containing  fluid, 
which  is  obtained  from  the  blood  when    that  is   in   a 
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proper  condition  for  supplying  it.  These  cells  group 
together,  some  in  the  centre,  others  round  them.  As  they 
force  their  way  through  the  cuticle,  the  fluid  evaporates 
from  those  at  the  outside,  causing  the  membrane  which 
forms  the  cell  to  collapse ;  and  thus  the  fibre  is  created 
by  all  the  fluid  in  those  cells  evaporating,  and  their  walls 
shrinking  in,  and  forming  a  small  hollow  stalk  or 
fibre,  which  is  round  or  oval  because  the  cells  shrink 
simultaneously  as  they  are  projected  through  the  skin. 
These  shrunken  cells  form  the  serratures  or  saw-like 
edges  which  we  have  mentioned,  and  of  which  we  shall 
presently  say  more.  Just  as  in  a  saw  or  a  fir-cone  each 
point  overlaps  the  base  of  the  one  in  front  of  it,  so  do 
the  serratures  of  wool  overlap  each  other.  The  reason 
of  this  is  clear.  As  any  given  cell  comes  out  from  the 
skin  the  part  in  front  shi-inks  first  and  forms  a  point. 
The  remainder  shrinks  in  its  turn,  and  is  flattened  down. 
The  next  cell  succeeding  it  is  pushed  forward,  and 
overlaps  its  predecessor,  forming  for  itself  a  point  which 
covers  the  base  of  the  one  before  it,  precisely  in  the 
same  way  as  one  point  in  a  fir-cone  covers  the  base  of 
the  point  in  front  of  it.  There  is,  however,  this 
difference,  that  wool  being  gelatinous  and  of  the  same 
nature  as  horn,  the  membrane  comprising  the  cells  sticks 
together,  and  as  each  soft  cell  comes  out,  it  forms  both  a 
partial  covering  and  bed  for  its  predecessor,  and  thus 
all  together  make  one  compact  and  continuous  fibre.  It 
must  be  remembered  that  as  the  fibre  is  composed 
originally  of  cells,  though  dried  up  and  shrunken,  the 
cells  always  remain,  and,  under  suitable  conditions,  can 
revert  to  some  extent  to  their  former  nattire.  Being  like 
horn,  they  can  also  be  dissolved.  It  is  these  two  facts 
which  make  the  operation  of  washing  of  so  much  im- 
portance, and  underlie  the  property  of  felting  or 
matting,  which  is  so  characteristic  of  wool,  and  which, 
in  brief,  may  be  described  as  that  property  which  enables 
a  number  of  fibres,  whether  woven  or  merely  com- 
pressed,   to   interlock    and  join   together,    so  that  they 
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form  one  compact  whole,  and  each  fibre  can  no  longer  be 
sepai'ated,  or  even  distinguished. 

4.  Wool,  fibrous  and  porous. — Wool  has  a  fibrous 
nature,  and  can  be  split  easily  ;  indeed,  when  an  animal  is 
in  an  unsound  state  of  health,  its  hair  naturally  splits 
from  the  point  towards  the  root.  It  grows  from  the 
root,  and  constantly  receives  nourishment  from  the 
vessels  belonging  to  its  bulb.  These  vessels  continue  a 
short  way  beyond  the  root,  and  in  the  case  of  a  certain 
disease  which  affects  human  hair,  known  as  pica 
polonica,  they  enlarge  even  to  the  extent  of  allowing 
blood  to  pass  up  the  hair,  so  that  each  separate  hair, 
when  cut,  bleeds.  This  seems  to  prove  that  the  fibre  is 
a  fine  tube,  although  some  persons  have  contended  that 
it  is  flat  and  solid.  In  good  health  it  contains  a  sort  of 
pulp  or  oil  which  gives  it  softness,  and  adds  to  its 
brilliancy.  When  clean  it  is  also  translucent,  and  somb 
sorts  have  a  brilliant  shining  surface,  known  as  lustre. 
This,  however,  depends  on  the  breed  of  the  sheep,  and 
the  way  in  which  it  has  been  fed  and  attended  to ;  lack 
of  lustre  does  not,  therefore,  imply  any  inferiority  in  the 
wool,  as  some  of  the  finest  and  best  wools  are  without  it, 
and  are  nearly  opaque,  as  are  also  dark-coloured  wools. 

5.  Serratures  of  Wool. — As  it  is  very  important 
that  the  structure  of  the  fibre  should  be  thoroughly 
understood,  with  regard  especially  to  the  varying  serra- 
tions in  different  classes  of  wool,  and  their  forms,  Mr. 
Youatt's  description  is  well  worth  quoting.  He  says  : — 
"  There  can  be  no  doubt  with  regard  to  the  general 
outline  of  the  woolly  fibi-e.  It  consists  of  a  central  stem 
or  stalk,  probably  hollow,  or  at  least  porous,  and 
possessing  a  semi-transparency  not  found  in  the  fibre  of 
hair.  From  this  central  stalk  there  springs,  at 
different  distances  in  different  breeds  of  sheep,  a  circlet 
of  leaf-shaped  projections.  In  the  finer  species  of  wool 
these  circles  seemed  at  first  to  be  composed  of  one  in- 
dented or  serrated  ring;  but  when  the  eye  was  accustomed 
to  them  this  ring  was  resolvable  into  leaves  or  scales. 


Chap.  I.]  SERRATURES    OF    WOOL.  0 

In  the  larger  kinds  the  ring  was  at  once  resolvable  into 
these  scales  or  leaves,  varying  in  number,  shape,  and 
size,  and  projecting  at  different  angles  from  the  stalk, 
and  in  the  direction  of  the  leaves  of  vegetables,  i.e.,  from 
the  root  to  the  point.  The  extremities  of  the  leaves  in 
the  long  merino  and  Saxon  wools  were  evidently  pointed 
with  acute  indentations  or  angles  between  them.  They 
were  pointed  also  in  the  South  Down,  but  not  so  much, 
and  the  interposed  vacuities  were  less  deep  and  angular. 
In  the  Leicester,  the  leaves  are  round  with  a  diminutive 
point  or  space.  Of  the  actual  substance  and  strength  of 
these  leafy  or  scaly  circles  nothing  can  yet  be  aflBrmed,  but 
they  appear  to  be  capable  of  different  degrees  of  resistance, 
or  of  entanglement  with  other  fibres,  in  proportion  as 
their  form  is  sharpened  and  as  they  project  from  the  stalk  ; 
and  in  proportion,  likewise,  as  these  circlets  are  multi- 
plied. So  far  as  the  examination  has  hitherto  proceeded, 
they  are  sharper  and  more  numerous  in  the  felting  wools 
than  in  others,  and  in  proportion  as  the  felting  property 
exists.  The  conclusion  seems  to  be  legitimate,  and  indeed 
inevitable,  that  they  are  connected  with,  or,  in  fact,  that 
they  give  to  the  wool  the  power  of  felting,  and  regulate 
the  degree  in  which  that  power  is  possessed. 

*'  If  to  this  is  added  the  curved  form  which  the  fibre 
of  the  wool  naturally  assumes,  and  the  well-known  fact 
that  these  curves  differ  in  the  most  striking  degree  in 
different  breeds,  according  to  the  fineness  of  the  fibre, 
and,  when  multiplying  in  a  given  space,  increase  both 
the  means  of  entanglement  and  the  difficulty  of  disengage- 
ment, the  whole  history  of  felting  is  unravelled.  A 
cursory  glance  will  discover  the  proportionate  number  of 
curves,  and  the  microscope  has  now  established  a  con- 
nection between  the  closeness  of  the  curves  and  the 
number  of  serrations.  The  Saxon  wool  is  remarkable 
for  the  close  packing  of  its  little  curves — the  number  of 
serrations  are  2,720  to  an  inch  ;  the  South  Down  has 
numerous  curves,  but  evidently  more  distant — the  serra- 
tions are  2,080.     In  the  Leicester,  the  wavy  curls  are 


b  WOOLLENS    AND    AVORSTEDS.  [Cliap.  L 

far  removed  from  each  other,  and  the  serrations  are  1,860; 
and  in  some  of  the  wools  which  warm  the  animals,  but 
were  not  intended  to  clothe  the  human  body,  the  curves 
are  more  distant,  and  the  serrations  not  more  than  480. 
The  wool-grower,  the  stapler,  and  the  manufacturer,  can 
scarcely  wish  for  better  guides." 

6.  Serratures  in  Various  Wools. — Any  one  can 
verify  these  observations  for  himself.  Take  some  hairs 
and  some  fibres  of  South  Down  wool  and  hold  them 
together.  The  hair  will  hang  straight  and  smooth,  the 
wool  will  be  curly,  something  like  a  corkscrew,  and  will 
have  a  waved  appearance.  If  it  is  passed  betAveen  the 
finger  and  thumb,  beginning  with  the  root  end,  and 
drawn  out  towards  the  point,  it  will  feel  smooth ;  but  if 
the  reverse  way,  it  is  sometimes  possible  to  detect  a 
feeling  of  roughness,  as  if  the  fibres  were  resisting  the 
pressure  and  passage  of  the  fingers.  With  a  microscope 
there  is  no  difficulty  in  seeing  the  teeth-like  edges  which 
thus  catch  the  fingers.  They  are  generally  likened  to 
the  edge  of  a  saw,  but  the  outside  structure  of  w:ool  is 
really  more  similar  to  that  of  a  long  thin  fir-cone,  rather 
thicker  at  the  root  than  at  the  point,  and  covered  with 
minute  scales  which  stand  out  all  the  way  round,  and 
not  merely  at  two  flat  edges  like  saw-teeth. 

The  annexed  diagram  (Fig.  1)  representing  various 
wools,  will  illustrate  this.  The  first  five  are  each  shown 
twice,  as  semi-transparent  and  opaque.  In  the  former 
state  they  show  the  saw-like  edges  most  clearly,  but  in 
the  latter  they  appear  as  they  really  are,  scaly  indented 
fibres,  with  leaves  lapping  over  each  other  like  a  fir-cone. 
A  is  a  fibre  of  merino  wool,  short,  fine,  and  white,  and 
suitable  for  fine  cloth.  Its  diameter  is  about  yxoo  '^^  ^^ 
inch,  and  each  inch  has  about  2,400  serrations,  e  is  the 
finest  Saxony  wool,  a  cross  between  Spanish  merino  and 
native  Saxon,  and  is  one  of  the  finest  in  the  world.  Its 
diameter  is  about  xsV^  °^  ^^  inch,  with  2,720  serrations. 
The  next  in  fineness  is  B,  the  Soxith  Down  wool,  about 
XTiyd  of  an  inch,  with  some  2,000  seri'ations.     c  and  d 
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are  Leicester  and  Lincoln,  botli  sti'onger,  but  the  latter, 
wliich  is  the  longest,  heaviest,  and  brightest  of  English 


Fig.  1. 


wools,  has  comparatively  few  serrations,  and  therefore 
has  large  scales.  F  is  common  wool,  G  is  gcwt's  hair,  and 
H  mohair,  the  brightest  of  all  wools  and  closely  resem- 
bling hair  in  every  respect.     Cow-hair  and  human  hair, 
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I  and  J,  are  also  given,  the  last  being  of  all  kinds  of  hair 
the  softest  and  most  wavy,  though  very  diflferent  from 
the  good  wools.  The  coarsest  English  wool  is  about  ^^ 
of  an  inch  in  diameter.  The  finest  of  all  wools  is  said  to 
be  the  American  merino,  with  a  diameter  of  -j^\q  of  an 
inch. 

7.  Causes  affecting  Length  and  Quality. — The 
three  causes  which  affect  the  length  and  quality  of 
wool  are  the  breed  of  the  sheep,  the  climate,  and  the 
soil.  These  might  be  reduced  to  two,  for  the  breed  of 
the  sheep  ultimately  depends  on  the  climate  and  the  soil ; 
but  it  is  more  useful  to  consider  different  breeds  as  quite 
distinct.  The  present  breeds  have  been  obtained  in  some 
instances  by  careful  selections  of  those  sheep  which  had 
a  tendency  to  produce  such  wools  as  the  grower  desired 
and  as  the  climate  favoured  ;  until  now  some  sheep  will 
only  grow  short  wool  if  left  in  their  native  district.  In 
other  instances,  probably  the  most  numerous.  Nature  has 
decided  for  herself  what  length  and  quality  of  wool  the 
sheep  must  produce  in  each  country;  no  matter  what 
efforts  the  farmer  may  make  to  the  contrary,  he  can 
only  permanently  rear  short-woolled  sheep  where  Nature 
favours  short  wool,  and  long-woolled  sheep  where  she 
favours  length.  For  instance.  South  Down  sheep  grown 
on  the  light  soil  and  in  the  warm  climate  of  the  South 
of  England  produce  short  fine  wool.  If  they  were  taken 
to  the  heavy  soil  and  wet  climate  of  Lincolnshire,  they 
would  gradually  grow  long  and  strong  wool,  which  in 
time  would  become  bright.  The  Australian  sheep  were 
originally  imported  from  England,  though  they  have  been 
crossed  with  merino  sheep.  They  now  grow  short  fine 
wool,  much  finer  than  anything  produced  in  this  country. 
The  farmers  there,  wishing  to  increase  their  weight  of 
wool,  cross  the  breed  with  Lincoln  and  Leicester  rams. 
Tlie  first  year  the  young  sheep  give  long  bright  wool,  the 
second  year  it  is  much  shorter  and  finer,  and  each  year 
that  the  sheep  is  allowed  to  live  it  grows  still  shorter 
and   finer,    till   it    becomes   nearly    like    the    ordinary 
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Australian  wool.  What  is  the  exact  part  played  by 
climate  and  what  by  soil — which  means  quantity  and 
quality  of  food — it  is  not  possible  to  tell,  but  it  is  certain 
that  in  the  case  of  sheep  more  quickly  than  in  the  case 
of  any  other  animal  Nature  provides  just  such  a  covering 
as  they  need  for  proper  warmth.  One  writer  has  said  that 
"  sheep  carried  from  a  cold  to  a  warm  climate  soon 
undergo  a  very  remarkable  change  in  the  appearance  of 
their  fleece.  From  being  very  fine  and  thick,  it  becomes 
thin  and  coarse,  until  at  length  it  degenerates  into  hair." 
This  statement  has  been  endorsed  by  others,  but,  as  has 
been  shown  from  the  example  of  Australia,  it  is  by  no 
means  correct.  It  seems,  however,  approximately  correct 
of  East  Indian  sheep,  which  grow  short  strong  wool,  in 
some  cases  like  hair,  and  most  of  it  cross-bred  and 
kempy.  It  is  highly  probable,  however,  that  this  is  due 
to  bad  breeding  and  defective  nourishment,  and  that  if 
merino  sheep  were  taken  to  India  they  could  be  reared 
with  success. 

8.  Trueness  of  Breeding. — The  property  for  which 
wool  is  perhaps  most  valued  is  trueness  of  breeding.  In 
a  true-bred  sheep  each  staple  of  wool,  that  is,  each  lock 
into  which  a  group  of  fibres  naturally  forms  itself,  will  be 
of  equal  growth  throughout.  The  fibre  will  be  the  same 
thickness  as  nearly  as  possible  the  whole  length,  or  will 
be  finer  at  the  point  than  at  the  root.  There  will  be  no 
shaggy  rough  wool  in  it.  But  if  the  sheep  be  cross-bred 
or  ill  kept  and  exposed  to  storms,  the  fibres  will  be 
rough  at  the  points,  and  coarser  there  than  at  the  roots  ; 
the  reason  of  this  being  that  as  the  wool  gets  longer,  or 
as  it  is  more  exposed  to  bad  weather  and  hard  treatment, 
nature  makes  it  stronger  to  resist  what  it  has  to  en- 
counter, while  the  part  which  is  next  the  skin  remains 
fine  to  give  greater  warmth.  Such  wool,  even  when 
combed  and  spun  into  yarn,  never  lies  as  smoothly  and 
evenly  as  true-bred  wool,  and  is  consequently  not  of  as 
much  value.  There  is  another  sort  of  wool  which  farmers 
do  not  seem   to   understand,  and  writers  on  the  subject 
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often  ignore,  but  which  is  found  more  or  less  on  all  cross- 
bred sheep,  and  on  sheep  which  are  much  exposed  and 
fed  in  hilly  districts.  This  is  known  as  "  kemp  "  or  dead 
hairs.  These  kemps  vary  in  length  and  coai'seness  ac- 
cording to  the  breed  of  sheep.  In  white  Highland  sheep 
they  are  about  two  inches  long  and  very  thick ;  in  cross- 
bred Australian  they  are  very  short.  In  the  foi'mer 
they  cover  the  under  side  of  the  fleece  so  as  almost  to  hide 
the  hair ;  in  the  latter  they  are  so  few  as  not  to  be  of  any 
importance.  They  are,  however,  all  alike  in  this,  that 
they  are  a  brilliant  shining  white  (except  on  sheep  with 
grey  wool,  when  they  may  be  black),  and  they  will  not 
dye  the  same  colour  as  the  rest  of  the  wool.  They 
consequently  depreciate  the  value  of  the  wool  very 
greatly,  making  it  only  suitable  for  low-priced  goods.  They 
seem  to  be  fibres  of  wool,  which,  owing  to  the  coarseness 
of  the  breeding  of  the  sheep,  or  owing  to  its  exposure  to 
rough  weather,  have  been  killed,  so  far  as  power  to  grow 
long  is  concerned ;  but  they  grow  in  thickness  and  hard- 
ness till  they  become  solid,  glazed,  and  horny,  and  thus  are 
unable  to  receive  the  substance  of  the  dye.  They 
never  alter  in  the  processes  of  carding,  combing,  or 
spinning,  nor  do  they  unite  with  the  rest  of  the  wool  to 
form  the  thread,  but  lie  on  the  surface,  only  held  down 
by  other  fibres  of  wool  which  may  be  wrapped  round 
over  them.  It  should  be  the  object  of  every  breeder  of 
sheep  to  diminish,  if  possible,  these  very  kempy  varieties 
of  wool. 

9.  Soundness  of  Fibre. — The  property  of  wool  next  in 
importance  is  soundness  of  fibre.  It  is  clear  that  if  the 
fibre  is  tender  in  the  middle,  it  will  break  during  some 
process  of  working,  and  thus  the  thread  is  weaker,  and  all 
value  derived  from  length  of  wool  is  lost.  Tenderness 
arises  from  ill  health  and  neglect  of  the  sheep,  and  is 
seen  at  once  by  the  fibre  being  thin  in  some  part ;  just  as 
when  a  person  is  ill,  those  portions  of  his  finger-nails 
which  are  being  formed  during  his  illness  grow  and 
always  remain  thinner  than  the  rest,  so  when  a  sheep  is 
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ill  or  half  starved,  the  portion  of  wool  grown  at  the  time 
is  thin  and  tender.  This  can  be  most  readily  detected  by 
pulling  a  small  staple  tightly  from  both  ends,  when,  if  it 
be  tender,  it  will  give  way. 

10.  Softness,  Fineness,  and  Length. — In  softness, 
fineness,  and  length  wools  vary  according  to  the  breed,  and 
just  as  any  wool  combines  all  three  qualities  so  it  is 
valuable.  Whether  wool  which  is  fine  but  short  is  more 
valuable  than  that  which  is  stronger  but  long,  depends  on 
the  use  to  which  they  are  to  be  put.  Very  fine  wool  is 
never,  however,  of  great  length.  Strong  wools  grow 
from  one  to  twenty  inches  long.  Lustrous  wools  belong 
to  the  longer  and  stronger  varieties,  fine  wools  are 
usually  devoid  of  any  gloss,  but  are  very  much  softer  to 
the  touch. 

11.  Colour. — With  regard  to  colour,  other  things 
being  equal,  wool  which  is  pure  white  is  most  valuable, 
but  there  are  some  sorts  of  fine  natural  browns  which  are 
also  much  prized.  The  soil  has  much  to  do  with  the 
colour.  Sheep  which  are  fed  on  rich  grass  lands  have 
pure  white  wool,  but  those  fed  on  sandy  and  red-tinged 
soil  become  more  or  less  yellow,  and  even  after  washing 
the  wool  is  not  the  brilliant  white  which  is  seen  in  wool 
grown  in  clear  pure  air  on  good  grass  lands.  Some  wools 
are  brown,  black,  grey,  and  even  bright  yellow ;  among 
these  last  are  certain  qualities  of  Egyptian  and  East 
Indian.  These  colours  are  due  to  the  nature  of  the  sheep, 
and  are  probably  beyond  the  power  of  the  farmer  to  alter. 

12.  Felting. — From  what  has  been  said  it  will  not 
be  difiicult  to  understand  the  reason  why  wool  can  be 
felted,  though  the  process  and  the  machinery  for  carrying 
it  on  will  not  be  described  here.  Felting  is,  in  the  first 
place,  due  to  the  wavy,  curling  nature  of  the  wool,  which 
inclines  it  to  twist  round  anything  it  catches,  but  it  is 
chiefly  due  to  the  structure  of  the  wool  in  the  cells  already 
described,  and  to  the  saw-like  edges  which  they  form. 
The  serrated  edges  of  the  fibres  fit  into  each  other,  and 
lock  fast,  under  the  pressure  of  heavy  weights  used  in  the 
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process,  and  thus  the  piece  of  cloth  which  was  formerly 
seen  to  be  made  of  separate  threads,  after  felting  seems 
to  be  one  solid  mass.  This  process  can  only  be  carried  on 
when  the  cloth  or  wool — for  it  does  not  need  to  be  woven 
— is  wet,  and  warm  water  is  more  efficacious  than  cold, 
while  the  addition  of  acid  greatly  facilitates  it.  There 
does  not  seem  to  be  any  definable  limit  to  felting,  and  to 
what  always  accompanies  it — shrinking.  As  any  one  who 
uses  flannel  is  aware,  it  continues  to  become  more  matted, 
thicker  and  smaller  in  length  and  breadth,  every  time  it 
is  washed.  We  have  seen  a  piece  of  worsted  cloth,  with 
both  warp  and  weft  made  entirely  of  combed  long  English 
hog  wool,  shrink  after  two  hours'  milling  into  one-third 
of  its  former  dimensions,  and  become  like  a  piece  of 
flannel.  The  reason  appears  to  be  that  as  the  fibre  is 
composed  of  countless  little  dried-up  cells  made  originally 
of  soft  gelatinous  membrane,  when  these  are  put  into  hot 
water,  the  cells  partly  expand,  and  become  soft ;  if 
there  is  acid  in  the  water,  it  acts  so  much  more  quickly 
on  the  membrane  in  softening  it.  A  small  fraction  of  the 
membrane  may  be  entirely  dissolved,  but  even  where  this 
does  not  take  place  the  cells  are  made  soft.  They  are  then 
beaten  or  pressed  with  heavy  weights,  and  so  are  squeezed, 
or  to  a  certain  extent  even  glued  together,  and  just  as  the 
fibres  in  one  thread  are  thus  firmly  joined,  so  the  fibres 
in  different  threads  are  also  united.  It  is  not,  however, 
merely  a  question  of  binding  them  together.  They  shrink 
in  the  process.  The  cells  being  once  softened  do  not 
return  to  their  former  positions  Avhen  dry  again.  They 
seem  to  shrink  into  each  other  more  than  before,  and  thus 
the  fibre  becomes  thicker  and  shorter,  and  the  cloth  "  runs 
up  "  to  an  indefinite  extent.  In  cotton  and  linen  there  is 
no  such  shrinkage.  Their  fibres  are  not  formed  of  cells, 
but  being  vegetable  are  in  continuous  lengths.  It  is  this 
shrinking  property  whereby  woollen  cloth  is  made  into  a 
compact  solid  mass  that  makes  it  so  suitable  for  clothing, 
because,  being  solid,  the  cold  air  cannot  well  penetrate  it, 
and  it  is  also  a  non-conductor  of  heat.     Were  it  con- 
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ducting,  it  would  afFoi'd  no  proper  covering  for  sheep  or 
other  animals,  for  they  have  to  depend  on  its  non-con- 
ducting nature  only,  and  not  on  its  felting  properties. 
These  latter  appear  to  be  given  to  it  entirely  for  the 
benefit  of  man  ;  certainly  they  do  the  sheep  no  good,  for 
if  the  wool  felted  on  the  sheep's  back  it  would  become  full 
of  dirt,  besides  being  of  little  use  to  mankind.  It  may 
be  asked  why  it  does  not  felt  on  the  sheep's  back.  It  is 
often  wet,  which  is  one  requisite,  and  is  rubbed  and 
pressed  when  the  sheep  is  lying  down.  The  ansAver  is 
simple :  Because  all  the  fibres  are  lying  one  way.  The 
serrations,  as  has  been  said,  always  point  in  the  direction 
away  from  the  root  of  the  fibre,  and  thus  they  cannot  fit 
into  each  other  any  more  than  two  saw-edges  pointing 
the  same  way  could  interlock,  or  than  two  fir-cones  could 
stick  together  if  they  both  lay  in  the  same  direction. 
But  reverse  one  of  them,  and  then  tiy  to  draw  it  past  the 
other  while  touching  it,  and  they  will  at  once  become 
fastened  together.  In  like  manner,  during  the  various 
processes  of  manufacture^  the  fibres  of  wool  are  pulled 
about  in  every  direction,  and  thus  their  edges  are  placed 
with  many  of  the  points  facing  each  other,  and  ready  to 
seize  hold  when  the  felting  operation  begins.  As  will  be 
seen,  too,  later  on,  this  same  property  is  of  assistance  in 
spinning,  and  is  one  of  the  reasons  why  fine  wool  is  more 
easy  to  spin  than  coarse  wool  of  greater  length.  The 
amount  of  grease  and  dirt  which  is  in  the  wool  while  on 
the  sheep's  back  also  tends  to  prevent  it  from  felting,  as 
the  serrations  are  more  or  less  filled  up,  and  thus  unable 
to  take  hold  of  each  other. 

13.  Alpaca  and  Mohair. — It  is  not  within  the  scope 
of  this  book  to  give  a  special  account  of  various  kinds  of 
wool,  but  alpaca  and  mohair  require  a  few  words  of 
special  mention.  The  former  is  the  wool  of  the  Peruvian 
sheep,  which  is  really  a  species  of  llama,  a  genus  allied 
to  the  camel  and  dromedary.  Its  wool  is  very  bright  and 
soft,  and  in  colour  is  white,  brown,  and  black.  Mohair, 
which  comes  from  the  Angora  goat,  is  very  long    and 
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silky,  and  is  the  brij^htest  and  most  lustrous  of  all  classes 
of  hair  or  wool.  The  best  and  cleanest  is  white,  and 
comes  from  the  central  districts  of  Asia  Minor.  Brown 
mohair  is  grown  about  two  hundred  miles  south  of  Angora, 
and  is  much  more  dusty  than  the  white,  while  Van  mohair, 
from  Lake  Van,  is  a  lower  quality,  and  exceedingly  dusty. 
The  mohair  goat  is  also  reared  in  the  Cape  of  Good  Hope, 
and  large  quantities  are  imported  from  that  district.  It 
is,  perhaps,  more  proper  to  consider  these  as  hair  rather 
than  wool,  for  they  are  more  akin  to  it,  but  the  processes 
of  their  manufacture  are,  in  their  main  featui'es,  the  same 
as  those  for  wool.  As  alpaca  and  mohair  are  both  valued 
for  their  lustre,  they  are  not  felted,  and  though,  no  doubt, 
they  could  be  felted  were  it  necessary,  they  are,  for  many 
reasons,  unsuited  to  the  process. 


CHAPTER  IL 

WOOL-SORTING. 

14.  Hogs  and  Wethers. — It  is  not  enough  merely  to 
know  the  nature  and  properties  of  wool.  It  is  necessary 
to  be  able  to  "  sort "  it.  In  the  cotton  trade  thei-e  is 
comparatively  little  diificulty  in  this  respect.  The 
varieties  of  cotton  are  few,  and  each  bale  contains,  or 
should  contain,  only  one  quality.  But  every  fleece  of 
wool  contains  six  or  eight  different  qualities,  all  of 
which  must  be  separated  from  each  other  if  an  exact 
division  is  required,  and  as  the  number  of  varieties  of 
sheep  is  really  unlimited,  the  field  open  to  the  wool-sorter 
is  indeed  wide.  The  first  point  to  be  understood  is  the 
difference  between  the  wool  of  lambs  and  one-year-old 
sheep,  and  that  of  sheep  of  two  or  more  years  of  age. 
The  former  is  called  Hog,  or  Hogget,  and  is  naturally 
pointed  at  the  end,  because  it  has  never  been  clipped ; 
the  staples  too,   which  each  group  of  fibres  forms,  are 
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also  pointed  and  taper  out  into  long  thin  ends.  The 
latter  is  generally  called  Wether.  The  fibre  ends  having 
once  been  cut  are  never  so  pointed,  and  the  staples  have 
thick  and  rougher  tips.  Hog  wool  is  more  valuable, 
longer — being  generally  fourteen  months'  growth — finer  in 
quality,  and  possesses  more  of  that  wavy,  curling  nature 
which  makes  it  cling  to  other  fibres,  thus  assisting  the 
process  of  spinning.  On  account  of  the  difference  in  value 
it  is  necessary  to  tell  at  once  a  hog  fleece  from  a  wether. 
This  can  be  done  in  two  ways  ;  either  by  examining  the 
staple-ends  to  see  whether  they  are  pointed  or  thick  ; 
or,  if  this  is  uncertain,  as  it  sometimes  is,  by  pulling 
a  staple  out  of  the  fleece.  If  it  be  a  wether,  the 
staple  will  come  clean  out  witliout  interfering  to  any 
extent  with  the  surrounding  staples  ;  but  if  it  be  a  hog, 
some  of  the  fibres  of  the  other  staples  will  adhere  to 
the  bottom  of  the  one  being  pulled,  and  thus  be  dragged 
out  after  it.  Hog  wool  is  generally  dirtier  and  fuller  of 
moss,  straw,  or  other  vegetable  matter ;  no  doubt,  because 
the  lambs  are  less  careful  where  they  go  than  are  older 
sheep. 

15.  Different  qualities  of  Wool. — To  give  an  idea  of 
how  the  qualities  of  wool  vary  the  following  diagram  (Fig. 
2)  has  been  prepared,  showing  approximately  where  each 
quality  is  to  be  found  on  an  ordinary  English  sheep ; 
but  it  must  be  observed,  that  a  wool-sorter  accustomed 
to  strong,  coarse,  English  fleeces,  would  be  at  a  loss  how 
to  proceed  if  placed  before  a  pile  of  South  Downs  or  fine 
Botany  wool,  because  the  latter  being  throughout  so 
much  finer,  either  has  not  the  same  range  of  qualities 
or  is  much  more  difficult  to  separate. 

No.  1  is  the  shoulder,  where  the  wool  is  long  and 
fine ;  it  grows  the  closest  and  is  most  even.  No.  2  is 
rather  stronger,  but  otherwise  equally  good ;  the  best 
and  soundest  wool  grows  on  these  two  parts.  No.  3,  on 
the  neck,  is  shorter  than  No.  1,  but  even  finer  ;  where 
sheep  are  liable  to  have  grey  wool  it  is  sure  to  be  found 
here,  and  also  on  No.  4,  which,  with  No.  5,  grows  wool 
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of  inferior  staple  and  faulty  character.  No.  6,  which 
covers  the  loin  and  back,  is  coarser  and  shorter,  while 
on  No.  7  the  wool  is  long,  strong,  and  hangs  in  large 
staples.  On  cross-bred  sheep  this  part  becomes  very- 
coarse,  and  is  much  the  same  as  No.  8,  which  is  the 
coarsest  part  of  the  wool,  and  is  known  as  breech,  or 
britch,  and  even  when  very  strong,  as  "cow-tail."  When 
like  this  it  almost  resembles  horse-hair,  though  it  is  more 


Fig    2. 

brittle,  and  not  so  smooth  and  bright.  No.  9  is  also 
strong,  and  much  the  same  as  No.  7.  No.  10  is  short, 
dirty,  and  increases  in  fineness  as  the  front  legs  are  ap- 
proached ;  it  is  known  as  "  brokes."  No.  11  is  also 
short  and  fine,  while  No.  12,  the  front  of  the  throat, 
is  short  and  worn  with  rubbing.  Kemps,  or  dead 
hairs,  are  mostly  found  in  Nos.  12  and  8,  though 
in  the  latter  they  are  much  longer  and  stronger 
than  in  the  former.  No.  13  is  the  head,  on  which  the 
wool  is  very  short  indeed,  rough,  and  coarse.  On  the 
legs.  No.  14,  it  is  still  worse,  and  of  very  little  value. 
For  the  idea  of  this  diagram  I  am  indebted  to  the  Tex- 
tile Manufacturer,  as  also  for   the   following    table  of 
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qualities.  It  will  be  seen  that  the  quality  of  the  wool 
A-aries  in  the  same  way  as  the  quality  of  the  mutton. 
The  shoulder  of  mutton  is  finer  in  grain  and  more  delicate 
than  the  leg,  and  so  is  the  wool ;  there  is  more  wear  and 
tear,  too,  for  the  sheep  in  its  haunches  than  its  shoulders, 
for  the  weight  is  chiefly  there  when  it  lies  down  ;  conse- 
quently the  wool  is  longer  and  stronger.  If  the  wool 
about  the  neck  were  as  long  as  at  the  tail,  the  sheep 
could  not  get  tlirough  hedges  and  briars,  and  it  would 
also  be  weighed  down  while  eating;  therefore  Nature  pro- 
vides that  the  wool  shall  be  short  and  fine — just  enough 
to  keep  the  animal  warm.  The  wool  on  the  back  be- 
comes rough  and  thin,  being  most  exposed  to  the  rain, 
and  because  it  naturally  divides  down  the  ridge  of  the 
back,  it  falls  over  to  each  side. 

16.  Range  of  Qualities.  —  As  has  been  said,  the 
range  of  qualities  is  not  the  same  in  sheep  with  fine 
wool  as  in  those  of  stronger  breeds.  The  difierent 
breeds  may  be  compared  to  the  key-board  of  a  piano : 
each  sheep  has  its  octave  of  qualities,  but  the  octave 
of  the  Merino  sheep  is  very  high,  while  that  of  the  Lin- 
colnshire sheep  is  very  low.  The  following  table  shows 
the  range  for  a  number  of  varieties,  and  illustrates  the 
principle  well.  English  wools  vary  so  much  that  it 
would  require  many  tables  to  show  their  range.  Tlie 
range  which  each  sheep  has  is  not,  however,  very  great, 
Lincolnshire  wools  being  suitable  for  Nos.  of  yarn  be- 
tween 36's  and  20's,  Yorkshire  wool  between  44's  and 
20's,  while  South  Down  wools  have  a  range  at  very 
much  higher  counts. 

17.  Names  of  Qualities. — Wool-sorters,  however, 
do  not  call  their  qualities  by  the  names  of  the  parts  of 
the  sheep ;  they  have  names  varying  in  different  local- 
ities. In  the  woollen  trade  the  following  names  are 
common  for  English  wool  : — picklock,  which,  as  the 
name  implies,  is  the  choicest  of  all;  prime,  which  is 
very  similar ;  choice,  a  very  little  stronger ;  super,  from 
the  shoulders;  seconds,  the  best  bits  from  the  breast; 
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downrights,  the  strong  wool  of  the  side,  marked  No.  2  ; 
abb,  which  is  between  these  two ;  breech,  from  the  part 
marked  No.  8  ;  and  head,  from  the  head.  In  the  worsted 
trade  these  names  are  not  used,  the  following  being 
those  generally  adopted  : — blue,  from  the  neck  ;  fine, 
from  the  shoulders ;  neat,  from  the  middle  of  the  sides 
and  back  ;  brown-drawing,  from  the  haunches ;  breech,  or 
britch,  from  the  tail  and  hind  legs ;  cow-tail,  when  the 
breech  is  very  strong ;  and  brokes,  from  the  belly  and 
lower  part  of  the  front  legs,  which  are  classed  as  super, 
middle,  and  common,  according  to  their  quality.  For 
finer  sorts  of  wool  there  are  no  special  names,  and  Botany 
and  similar  fleeces  are  sorted  according  to  their  numbers 
or  the  counts  of  yarn  they  will  spin  to,  such  as  50's,  70's, 
80's,  and  so  on. 

18.  Form  of  the  Fleece. — When  the  wool  comes  into 
the  sorter's  hands,  each  fleece  is  rolled  up  into  a  ball  by 
itself,  and  generally  tied  with  a  sort  of  rope  made  out  of 
part  of  itself,  the  shoulder  being  often  used  for  this 
purpose,  as  it  can  be  twisted  most  conveniently  into 
a  cord.  If  properly  wrapped  up,  the  fleece  should  be 
quite  easy  to  open,  and  when  spread  on  the  floor  its 
different  parts  can  be  at  once  recognised.  A  thin  ragged 
line,  which  represents  the  back  of  the  sheep,  divides 
the  fleece  in  two,  and  by  this  the  sorter  separates  the 
two  halves,  placing  them  on  a  pile  at  his  side.  He  is 
furnished  with  a  number  of  skeps  equal  to  the  number  of 
sorts  or  qualities  he  has  to  make,  and  then  spreading  half 
a  fleece  on  the  bench  before  him,  he  proceeds  with  shea.rs 
to  clip  off"  all  pieces  of  tar  and  hard  dirt,  to  pick  out 
straws  and  other  vegetable  matter,  and  then  separates 
the  fleece  into  its  different  qualities.  A  perfect  know- 
ledge of  these  qualities  can  only  be  gained  by  years  of 
experience ;  but  when  once  acquired,  the  sorter  knows  as 
well  by  his  hands  as  by  his  eyes  where  he  shall  divide 
the  fleece,  for  it  is  not  merely  the  coarseness  or  fine- 
ness of  the  fibre  which  guides  him,  but  also  the  softness 
and  kind   "  handle,"  as   it  is  called.      He  is  aided,  too. 
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by  seeing  the  half-fleece  stretched  out  before  him,  and 
therefore  he  knows  where  to  expect  each  quality  ;  but  this 
is  to  him  only  a  secondary  matter.  Some  fleeces  are  much 
more  difficult  to  open  than  others,  and  require  either  to 
be  beaten  or  warmed.  Fine  Australian  fleeces,  which 
are  packed  in  bales  unwashed,  and  have  perhaps  60  per 
cent,  of  grease  on  them,  become  quite  hard  if  left  cold, 
owing  to  the  grease  and  dirt  upon  them  becoming  stiS", 
and  they  can  only  be  opened  by  being  pulled  to  pieces. 
They  are  therefore  warmed,  the  grease  on  them  softens, 
the  fibres  expand  and  are  raised  up,  and  the  fleece  opens 
quite  easily.  It  will  be  seen  later  that  wool  is  easier 
to  work  in  certain  processes  when  hot  than  when  cold. 
The  reason  is,  that  when  cold,  or  pressed  hard  together, 
the  fibres  lie  closer,  their  serrations  tit  into  each  other 
and  become  matted.  Hence,  they  cannot  be  drawn  out 
without  risk  of  breaking,  and  without  the  expenditure  of 
greater  power.  But  when  heat  is  applied,  the  fibres 
expand,  and  in  doing  so  free  themselves  from  each  other, 
and  can  be  drawn  out  with  much  more  ease. 

19.  Skin  wool. — There  is  another  sort  of  wool  not 
hitherto  mentioned,  known  as  "  skin  wool."  This  is  wool 
which  is  taken  ofi"  the  skins  of  sheep  that  have  been 
killed,  or  have  died  from  disease  or  other  causes.  It  is 
not  clipped  ofi"  the  skin,  as  is  done  when  sheep  are  shorn, 
but  the  skin  is  rubbed  with  lime  and  water,  or  with  acid, 
and  the  roots  of  the  wool  are  thus  loosened.  The  wool  is 
then  pulled  out  by  the  roots,  and  the  skin  left  entirely 
free.  Sometimes,  in  the  case  of  certain  breeds  of  one- 
year-old  sheep,  the  wool  thus  pulled  off"  adheres  so  much 
together  that  it  retains  the  form  of  the  fleece,  and  it  is 
then  called  "  fliped  wool "  ;  but  usually  it  breaks  up  into 
smaller  portions,  and  all  trace  of  the  shape  of  the  fleece 
is  lost.  It  comes  off"  fidl  of  lime,  and  the  sorter  is  often 
covered  and  annoyed  with  dust,  which  gets  into  his 
throat,  and  causes  much  irritation.  To  lessen  the  annoy- 
ance, sorters'  boards  are  always  made  of  wooden  spars 
with  spaces  between,   or  wire  gratings,  through  which 
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much  of  the  dust  falls.  But  in  the  worst  classes  of  wool 
this  is  not  enough,  and  the  dust,  if  allowed  free  course, 
occasionally  causes  blood-poisoning,  and  the  death  of  the 
unfortunate  sorter. 

20.  Wool-sorters'  disease.  —  So  much  has  been 
heard  of  "  wool-sorters'  disease,"  that  its  nature,  causes, 
and  method  of  preventing  it  should  be  briefly  explained. 
For  much  of  the  following  information  regarding  it  I  am 
indebted  to  Dr.  Rabagliati,  of  Bradford,  who  has  devoted 
great  attention  to  the  disease,  and  has  written  upon  it. 
The  disease  firet  appears  as  an  ordinary  cold,  accompanied 
with  headache,  oppression  of  the  chest,  and  much  per- 
spiration. Then  the  temperature  gradually  becomes  high, 
and  the  pulse  irregular,  intermittent,  and  weak.  A 
cough  comes  on,  with  hurried  respiration ;  tho  pulse 
gets  weaker  and  weaker,  till  the  man  dies.  The 
whole  illness  lasts  but  three  or  four  days.  If  a  j)Ost- 
mortem  examination  is  held,  the  blood  is  found  to  be 
full  of  innumerable  minute  germs  of  fungus,  known  as 
bacillus  anthracis. 

These  bacilli  are  quite  different  from  blood  cor- 
puscles :  they  are  small  rods,  and  are  accompanied  by  tiny 
particles  of  granular  matter.  The  rods  measure  from 
WoTT  ^  1000  ^^  ^^  incii  in  length,  and  one-sixth  or  one- 
eighth  of  that  in  width.  "  If  some  fluid  containing  these 
rods,"  says  Dr.  Rabagliati,  "  be  now  placed  for  a  few 
hours  in  a  favourable  position  and  warmed,  changes  may 
generally  be  seen  to  take  place.  The  little  rods  grow  by 
additions  to  their  length,  though  the  breadth  remains  the 
same,  and  we  may  observe  the  little  rods  of  yxtutt^^  °^  ^^ 
inch  spread  over  the  whole  microscopic  field.  As  to  the 
granular  matter,  which  can  be  seen  mixed  up  with  the 
rods,  there  can  be  no  doubt  that  some  of  it  is  spores, 
or  seeds  capable  of  reproducing  the  whole  organism.  The 
spore  often  divides  into  two  by  a  transverse  division, 
and  these  again  each  into  two ;  so  that  a  spore  oi-iginally 
single  may  become  four.  If  these  sub-divisions  be 
watched    in    favourable    circumstances,    they    may    be 
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observed  to  lengthen  out  at  one  side  till  they  produce 
the  little  rods,  and  these  in  turn  lengthen  out,  as  we  have 
already  seen,  till  they  obtain  a  comparatively  great 
length." 

21.  Theory  of  the  Disease. — Now,  the  theory  is  that 
these  bacilli  pass  with  the  dust  from  certain  classes  of 
wool  into  the  lungs  of  the  sorter,  and  thence  into  his  blood. 
Dr.  Rabagliati  sums  up  the  proof  as  follows  :  "  The 
organism  can  be  found  in  the  washings  of  infected  wools. 
It  can  be  found  in  the  blood  and  tissues  of  men  who 
have  been  in  contact  with  such  wools.  When  the  fresh 
blood  containing  it  is  injected  under  the  skin  of  animals, 
the  animals  will  die  in  from  one  to  four  days,  and  their 
blood  and  tissues  will  in  turn  be  found  loaded  with  the 
organism.  Blood  from  these  last  animals  may  be  em- 
ployed in  a  similar  way  on  other  animals,  and  with  like 
results.  Ordinary  blood,  fresh  or  putrid,  has  either  no 
effect  when  injected  into  animals,  or  if  it  has,  will  not 
produce  this  organism."  The  name  "wool-sorters' 
disease "  is,  perhaps,  too  vague,  and  the  malady  should 
rather  be  called  "  anthracsemia,"  implying  a  disease  in 
which  the  bacillus  anthracis  is  found  in  the  blood. 

22.  Nature  of  the  Disease. — Until  lately  it  was 
believed  that  the  disease  was  caused  by  the  putrefaction 
of  simple  animal  matter,  such  as  pieces  of  skin  and  blood 
adhering  to  the  wool,  which  poisoned  the  blood  of  the 
sorter;  but  the  researches  of  Dr.  Rabagliati  and 
others  show  this  to  be  incorrect.  How,  then,  does 
the  bacilliis  anthracis  get  into  the  wool  1  The  Angora 
goat,  the  Peruvian  alpaca  sheep  or  llama,  and 
sheep  in  all  countries,  are  liable  to  a  disease  known 
as  splenic  fever,  which  is  caused  also  by  this  same 
bacillus  anthracis,  and  is  practically  the  same  as  wool- 
sorters'  disease.  Those  animals  which  have  it  die,  and 
their  owners,  unwilling  to  lose  the  wool,  shear  it  off  and 
pack  it  with  the  wool  from  the  rest  of  the  flock.  It  is 
either  infected  by  the  mere  fact  of  the  animal  having  the 
disease,  or  some  part  of  the  skin  is  clipped  with  it  and 
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thus  carries  the  germs.  These  fleeces  are  called  "  fallen 
fleeces,"  and  can  be  distinguished  from  the  rest ;  one  of 
them,  if  infected,  may  contaminate  the  whole  bale,  and 
thus  cause  the  sorter  to  run  the  greatest  risk.  Though 
all  sheep  may  have  this  disease,  yet  it  is  found  that  the 
danger  only  arises  from  the  following  wools,  all  of  which 
are  imported  full  of  dirt  and  dust,  both  animal  and 
mineral: — Yan  mohair,  which  is  the  worst  of  all; 
Persian  wool ;  camels'  hair  ;  alpaca ;  Turkey  mohair  ; 
brown  mohair ;  Cape  mohair ;  and  cashmere  from  Tibet. 
The  total  quantity  of  these  is  comparatively  not  great, 
and  means  could  be  taken  to  reduce  the  danger  arising 
from  them. 

23.  Best  Preventive.  —  The  obvious  preventive, 
as  Dr.  Rabagliati  points  out,  is  to  exclude  fallen  fleeces 
when  the  wool  is  being  packed,  and  to  have  all  the  wool 
washed,  either  before  shearing,  where  that  can  be  done, 
or  before  packing  where  the  former  is  impracticable.  If 
this  were  done,  there  could  be  no  danger  of  the  recur- 
rence of  this  fatal  disease,  and,  apart  from  the  saving  of 
life,  it  would  be  the  cheapest  method  that  could  be 
adopted.  At  present  these  bales  contain  immense 
quantities  of  dust,  specimens  of  which  Professor  Frank- 
land  has  analysed.  He  finds  that  the  dust  of  Yan  mohair 
contains  58  per  cent,  of  animal  matter,  the  rest  being 
mineral ;  the  dust  of  brown  mohair  has  51  per  cent,  of 
animal  matter,  and  that  of  alpaca  40  per  cent.,  much  of 
which  must  necessarily  contain  impure  and  poisonous 
matter,  to  say  nothing  of  the  fatal  fungus  germs  which 
go  with  it. 

24.  Method  usually  Employed.  —  The  method  for 
removing  the  dust  employed  by  those  firms  who  use  these 
dusty  wools  is  generally  somewhat  as  follows  :  The  bales 
are  cut  open  in  a  small  room  with  a  false  floor  consisting 
of  an  iron  grating,  a  couple  of  feet  above  the  real  floor. 
A  trunk  or  shaft  is  conveyed  from  this  space  to  the  open 
air,  and  in  it  is  fixed  a  circular  fan  which  revolves  700  or 
800  times  a  minute.     It  draws  the  air  from  the  room 
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where  the  bales  are  being  opened,  and  blows  it  out  into 
the  air ;  in  doing  which,  so  strong  a  draught  is  created 
that  all  the  dust,  which  comes  out  in  clouds  from  the 
bales,  is  drawn  down  and  rarely  rises  to  the  height  of  the 
opener's  head.  In  this  way  the  opener  is  able  to  shake 
much  of  the  dust  from  the  fleeces,  and  to  give  them  to 
the  sorter  comparatively  clean.  In  some  mills,  notably 
in  that  of  Messrs.  Clough  of  Keighley,  this  princii)le  is 
carried  still  farther.  The  wool-sorters'  boards  run  down 
the  length  of  a  long  room.  In  the  sorting-board,  opposite 
which  each  man  stands,  is  a  grating  about  15  inches 
square  covering  the  top  of  an  air-tight  trunk.  These 
trunks  are  all  connected  with  each  other  below  the  boards 
by  means  of  a  longer  one  which  runs  the  entire  length 
of  the  room.  Attached  to  this  is  a  fan  of  great 
power  which  draws  all  its  air  from  the  gratings,  and 
blows  it  out  of  doors,  carrying  with  it  almost  every 
particle  of  dust  which  comes  out  of  the  material  which 
the  men  are  sorting.  Owing,  no  doubt,  entirely  to  this 
simple  but  effectual  safeguard,  no  case  of  disease  has 
been  known  in  this  mill.  Other  remedies  have  been 
suggested,  such  as  subjecting  the  wool  to  great  heat  to 
kill  the  germs  before  sorting,  or  washing  it  in  hot  soap 
and  water,  and  sorting  it  while  still  damp,  but  these  aie 
open  to  many  objections,  and  might  not  in  the  end  prove 
eflfectual.  The  only  thorough  remedy  must  be  applied 
before  the  wool  is  packed — that  is,  to  keep  out  diseased 
fleeces,  and  to  wash  the  wool  whenever  possible. 


CHAPTER   III. 

WOOL    WASHING    AND    OILING. 

25.  Yolk  on  Wool. — Having  thus  far  examined  the 
nature  of  wool  and  seen  it  sorted  into  its  different 
qualities,  we  come  to  the  important,  but  too  Little  cared 
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for,  process  of  washing.  Before  the  fleece  is  clipped  from 
the  sheep's  back  it  is  dirty,  not  merely  with  earthy 
matters,  but  with  grease  or  "  yolk  " — a  yellow  oily  sub- 
stance, which  is  mainly  caused  by  the  accumulated  sweat 
of  the  preceding  year,  and  by  a  secretion  from  the  glands 
of  the  skin.  As  might  be  expected,  this  yolk  is  found 
most  abundantly  on  sheep  in  hot  climates,  and  prevails 
to  such  an  extent  that  the  clean  wool  is  often  only  one- 
third  of  the  total  weight  of  the  fleece,  the  remainder 
being  yolk  and  dirt  adhering  to  it.  Merino  fleeces 
average  40  per  cent,  of  yolk,  27  per  cent,  of  eartliy 
matter  fastened  by  it,  and  33  per  cent,  of  wool,  though 
these  figures  naturally  vary  according  to  the  district  in 
which  the  sheep  have  lived,  and  take  no  account  of  the 
excessive  moistui-e  which  the  wool  may  contain.  The 
yolk  itself  consists  mainly  of  potash,  animal  oil,  a  small 
quantity  of  carbonate  of  potash,  traces  of  acetate  of 
potash,  of  lime,  and  of  muriate  of  potash.  This  yolk  is  of 
much  value  in  softening  and  preserving  the  wool  while  it 
is  growing,  for  it  both  oils  it  and  keeps  the  sheep  warm, 
thus  tending  to  produce  sounder  and  better  wool.  In 
hilly  countries  farmers  smear  their  sheep  over  with  salve, 
which  is  supposed  to  keep  them  wanii  during  the  cokl 
autumn  nights  before  the  new  fleece  has  had  time  to 
grow  long  or  the  fresh  yolk  to  be  formed. 

26.  Sheep-Washing. — It  is  obvious  that  all  this  yolk 
must  be  removed  before  the  wool  can  be  used  by  the  manu- 
facturer, and  this  should  be  done  in  such  a  way  as  not  to 
injure  the  fibre  of  the  wool.  In  most  cases  the  farmers 
wash  or  half-wash  the  fleece  before  shearing,  and  though 
this  has  some  advantages  to  the  manufacturer  the  gain 
on  the  whole  is  very  doubtful.  The  yolk,  in.  consequence 
of  the  potash  and  oil  in  it,  is  a  most  valuable  manure,  while 
the  animal  dirt  which  may  be  adhering  to  the  fleece  is 
also  worth  preserving.  The  farmer,  however,  loses  it  all 
by  washing  the  sheep  in  a  running  stream.  The  old- 
fashioned  way  of  doing  this  was  for  two  men  to  stand  in 
a  pool  in  the  stream,  take  one  sheep  at  a  time,  plunge  it 
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in  the  water  and  scrub  it  till  it  was  moderately  clean, 
and  then  let  it  run  about  for  a  few  days  till  it  was  dry, 
when  it  was  shorn,  A  later  improvement  is  to  put  each 
sheep  in  a  perforated  box  or  barrel,  and  then  wash  it, 
the  effect  being  the  same.  A  still  more  thorough  and 
wholesale  way  is  in  use  in  Australia,  where  the  sheep  are 
fastened  into  pens  underneath  iron  perforated  pipes. 
Water  is  forced  into  these  pipes  with  gi-eat  pressure,  and 
allowed  to  run  some  time  till  the  sheep  are  half  washed. 
They  then  go  singly  down  a  passage  till  they  come  to 
the  stream,  into  which  they  are  plunged,  and  from  which 
the  only  egress  is  by  swimming  down  a  small  tunnel, 
thus  ensuring  a  still  further  soaking.  At  the  other  end 
of  this  tunnel  the  sheep  is  held  by  a  man  under  a  veiy 
strong  shoot  of  water  forced  through  a  pipe,  by  means  of 
which  the  cleansing  process  is  completed.  In  a  few  days 
the  sheep  is  again  dry  and  can  be  shorn.  All  these 
methods,  however,  have  the  defect  of  losing  the  yolk  ; 
but  when  it  is  remembered  that  in  order  to  wash,  say, 
1,000  sheep  and  preserve  the  dirty  water  so  that  either 
it  might  be  spread  upon  the  fields  or  the  potash  and 
grease  be  extracted  from  it,  a  number  of  tanks  and  other 
appliances  would  be  needed,  it  seems  rather  doubtful 
whether  the  saving  would  pay.  Nevertheless,  the  waste 
of  the  present  system  is  undeniable. 

27.  Advantages  and  Disadvantages  of  Washing 
Sheep. — It  may  be  asked.  Why  should  the  farmer  wash 
his  sheep  at  all  1  why  not  send  the  fleeces  unwashed 
always,  as  many  do  from  Australia  and  elsewhere  1  The 
advantages  of  sheep-washing  are  :  (1)  That  if  it  is  well 
done  the  colour  of  the  wool  is  improved,  whereas  if  not 
done  at  all,  the  wool,  if  it  lies  long  after  shearing,  may 
become  a  little  stained  with  the  grease,  and  so  always 
have  a  yellow  tinge.  (2)  If  the  washed  wool  is  one- 
third  of  the  original  weight  of  the  fleece,  then  two-thirds 
being  washed  away,  there  should  be  a  proportionate 
saving  in  the  cost  of  carriage,  which,  from  Australia,  is 
a  large  item.     (3)  When  the  manufacturer  sees  the  wool 
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washed,  he  can  value  it  more  exactly,  knowing  from  ex- 
perience what  it  will  yield ;  but  with  unwashed  wool  it 
is  exceedingly  difficult  to  estimate  con'ectly  what  the 
result  will  be.  To  set  against  these  advantages  there  are 
two  serious  drawbacks.  (1)  Wool  washed  before  shear- 
ing is  not  always  so  soft  as  that  with  the  yolk  left  on 
it,  because  when  the  oil  is  all  washed  out,  the  horny 
nature  of  the  wool  causes  it  to  get  hard,  and  to  lose  its 
silky  feeling.  (2)  The  manufacturer  loses  the  benefit  of 
the  potash,  &c.,  in  the  yolk,  which  he  can  extract  from 
the  dirty  soap-suds,  and  thus  one  of  his  sources  of  in- 
come— though  a  small  one — is  diminished.  The  advan- 
tages and  disadvantages  to  the  manufacturer  are,  perhaps, 
pretty  evenly  balanced,  but  the  total  loss  to  the  farmer 
of  good  fertilising  manure  is  undoubted,  and  much  to  be 
regretted. 

28.  Adulterated  Soap. — The  chief  requisite  for  the 
manufacturer  in  wool-making  is  to  have  a  soap  which 
will  clean  the  wool  perfectly  without  injuring  the  fibre, 
and  which  at  the  same  time  is  cheap  and  unadulterated. 
There  is  nothing  which  is  more  easy  to  adulterate  than 
soap,  and  nothing  in  which  detection  is  more  difficult. 
The  injury  done  to  woollen  goods  by  impure  soap  is 
great,  especially  when  they  have  to  be  dyed  a  delicate 
colour.  For  instance,  a  yellow  singed  appearance  is 
given  by  iising  soap  with  much  resin,  or  much  alkali ; 
the  fibre  of  the  wool  can  also  be  burnt  if  the  soap  is  too 
strong,  especially  if  the  water  be  very  hot.  But  apart 
from  injury  to  the  wool,  the  loss  in  money  is  great  if  a 
soap  is  made  up  with  silicate  of  soda,  and  of  potash, 
resin,  potato-starch,  and  water.  Common  salt,  too,  is 
often  mixed  with  soda-ash  used  in  soap,  and  even  earthy 
matter  is  put  into  it  to  give  weight.  A  receipt  for  testing 
soap  is  to  dissolve  one  ounce  of  soap  in  a  given  quantity 
of  water  ;  put  it  into  a  long  test  glass,  and  add  a  quarter 
of  an  ounce  of  diluted  sulphuric  acid,  or  less.  The  acid 
neutralises  the  alkali ;  the  grease  and  resin,  if  any,  float 
on  the  top,  and  the  earthy  matter  falls  to  the  bottom ; 
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It  is  a  mistake  to  suppose  that  soft  soap  necessarily  con- 
tains more  water  than  hard  soap.  The  reverse  may 
easily  be  the  case.  Soda  soaps  are  hard,  potash  soaps 
are  soft,  because  it  is  the  nature  of  these  materials  to 
make  soaps,  of  which  they  are  leading  constituents,  hard 
and  soft  respectively.  But  as  a  soda  soap  will  take  up 
four  times  as  much  water  as  a  potash  soap,  and  still  re- 
main firm,  the  temptation  to  adulterate  in  this  way  is 
great.  Some  soda  is  often  put  into  professedly  potash 
soaps  just  because  it  will  hold  so  much  water. 

29.  Effect  of  Hard  Water. — If  washing  or  dyeing  is 
to  be  well  done,  the  water  must  be  soft.  The  two  chief 
causes  of  hardness  in  water  are  carbonate  of  lime  and 
sulphate  of  lime.  The  former  can  be  precipitated  by 
boiling  the  water,  but  as  this  is  too  costly  where  water  is 
used  in  great  quantities,  it  is  never  done.  The  effect  of 
hard  water  is  well  stated  by  the  Textile  Manufacturer  : — 
"  When  hard  water  is  used  for  dyeing  or  cleaning  pur- 
poses, without  being  previously  softened,  the  lime  it 
contains,  in  many  cases,  destroys  and  precipitates  the  dye- 
stuff,  and  in  all  cases  immediately  attacks  and  decora- 
poses  the  soap  used.  The  alkali  in  the  soap,  that  is  to 
say,  the  soda  or  potash  with  which  the  soap  is  made, 
leaves  the  oil  and  tallow  with  which  it  has  been  com- 
bined (forming  the  soap)  and  unites  itself  with  the 
carbonic  and  sulphuric  acids  contained  in  the  carbonates 
and  sulphates  of  lime.  The  lime  thus  thrown  out  of 
combination  with  the  sulphuric  and  carbonic  acids  im- 
mediately unites  with  the  oil  and  tallow,  forming  what 
is  called  an  insoluble  lime  soap — a  pasty  greasy  substance, 
which  has  no  washing  properties  whatever.  This  is 
deposited  on  the  fibre  of  the  wool  or  textile  fabric  under- 
going the  scouring  operation,  and  renders  the  dirt  or 
grease  upon  them  far  more  difficult  to  remove.  This 
insoluble  lime  soap  has  often  a  most  disastrous  effect 
on  goods  which  subsequently  have  to  be  dyed,  causing 
spots  and  uneven  dyeing,  owing  to  the  insoluble  lime 
soap  sticking  to  tlie  fibre  of  the  fabric,   and  ih  many 
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cases    being    only    partially    removed    by    subsequent 
scouring." 

It  is  clear  that  the  soap  can  have  no  effect  on  the  wool 
till  the  lime  in  the  water  has  finished  its  work,  and  is 
entirely  united  with  the  alkali  of  the  soap.  Then  the 
washing  begins,  but  now  the  soap  has  to  wash  out  not 
only  the  original  dirt  from  the  wool,  but  also  the  in- 
soluble lime  soap  which  has  settled  on  it ;  thus  making 
for  itself,  as  it  were,  work  to  do. 

30.  Means  for  softening  Water. — The  lime,  therefore, 
should  previously  be  removed  by  some  other  means. 
Soda  crystals,  or  soda-ash,  are  often  used,  but  as  they  are 
carbonates  of  soda,  that  is,  are  already  in  combination 
with  carbonic  acid,  they  cannot  do  the  work  so  quickly 
or  so  well  as  soda  in  a  free  state.  They  also  require 
the  water  to  be  heated.  Caustic  soda  is  the  best  material 
to  use,  but  only  when  it  is  pure  and  unadultei-ated  with 
common  salt,  which  makes  water  hard.  Powdered 
caustic  soda,  which  can  be  obtained  pure  and  cheap,  is 
everything  that  is  needed.  A  quarter  of  an  ounce  per 
gallon  is  enough  for  the  hardest  water,  while  a  quarter  of 
that — one  sixteenth  of  an  ounce — is  enough  for  average 
water,  or  4  lbs.  per  1,000  gallons.  It  acts  equally  well 
when  the  water  is  cold,  and,  rendering  the  lime  insoluble, 
precipitates  it  along  with  any  iron  or  magnesia  salts  that 
the  water  may  contain.  It  should,  of  course,  be  put  in 
before  the  soap,  or  the  benefit  is  lost.  The  requisite 
quantity  of  caustic  soda  for  any  given  water  can  be 
easily  found  by  taking  one  gallon  of  water,  and  adding 
the  soda  till  all  the  lime  is  precipitated.  The  water 
should  be  boiled  at  each  test  to  aid  precipitation,  and 
when  it  becomes  quite  clear  after  cooling,  it  will  be  found 
that  all  the  lime  has  been  precipitated. 

31.  Receipts  for  Soap. — Having  obtained  good  water, 
suitable  soap  must  be  used.  Some  persons  for  strong 
wools  use  soda  alone ;  but  nothing  could  be  worse,  as  it 
makes  the  wool  yellow,  hard,  and  brittle.  Another 
method  adopted  for  greasy  wool  is  to  steep  it  in  clean 
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warm  water,  constantly  running,  for  some  time  before 
washing  it  with  soap,  in  order  to  remove  the  grease,  and 
so  save  the  soap.  This  is  a  mistake  ;  it  is  well,  no 
doubt,  to  remove  the  earthy  matter  in  that  or  any  other 
way,  but  this  cannot  be  done  without  also  removing  the 
grease  or  yolk,  which  contains  so  much  potash,  and  which 
actually  helps  the  soap  to  wash.  The  old-fashioned  way 
of  washing  in  the  woollen  districts  was  to  make  a  lye  or 
wash  of  stale  urine  and  alkali.  The  former  was  useful, 
because  it  contained  carbonate  of  ammonia,  and  the 
organic  matters  were  thought  serviceable  in  preventing 
the  alkalies  from  injuring  the  wool  fibres.  This,  how- 
ever, has  now  gone  out  of  use,  and  soaps  are  employed 
instead.  As  has  already  been  said,  potash,  and  not  soda, 
should  be  used  for  wool- washing.  Yolk  consists  of  car- 
bonate of  potash  to  the  extent  of  nearly  half  its  weight, 
and  is  the  means  of  keeping  the  wool  soft  and  silky. 
Nature  in  this  matter  is  a  sure  guide,  and  experience 
shows  that  potash  both  lubricates  and  bleaches  the  wool, 
while  soda  has  just  the  opposite  effect,  making  it  hard 
and  yellow.  The  chief  makers  of  pure  caustic  potash  are 
the  Green  Bank  Alkali  Company,  Limited,  of  St.  Helens, 
who  give  the  following  receipt  as  the  best  they  know  for 
good  soap  : — "  Take  50  lbs.  of  Green  Bank  pure  caustic 
potash ;  put  it  in  any  iron  or  earthenware  vessel  with 
9  gallons  (90  lbs.)  of  water.  Stir  it  once  or  twice  ;  it 
will  dissolve  immediately  and  become  quite  hot.  Let  it 
stand  till  the  lye  thus  made  is  cold.  Place  in  any  con- 
venient vessel  for  mixing  20  gallons  of  cotton- seed  oil 
and  20  lbs.  of  clean  melted  tallow.  Pour  the  lye  into  the 
oil  in  a  small  stream,  at  the  same  time  stirring  with  a  flat 
wooden  stirrer  about  three  inches  broad.  Continue 
gently  stirring  until  the  lye  and  oil  are  thoroughly  com- 
bined and  in  appearance  like  honey.  Cover  the  vessel 
up,  and  put  it  in  a  warm  place  for  a  day.  Stir  it  up 
again  well,  and  leave  it  for  a  few  days,  and  the  saponi- 
fication will  be  complete,  and  340  lbs.  of  soap  will  be  the 
result."     This  is  for  a  fine  scouring  soap.    If  it  is  wanted 
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stronger,  a  little  pearl-ash  can  be  added,  or  the  oil  reduced, 
say  from  20  to  18  gallons.  For  very  greasy  wool  it  should 
be  stronger  still.  This  is  the  cold-water  process,  no 
boiling  being  needed.  If  boiled  the  soap  is  made  more 
quickly,  the  method  recommended  being  to  take  18  gallons 
of  oil  and  18  lbs.  of  tallow;  boil  them  with  21  gallons  of 
caustic  potash  lye  of  18  degrees  Baume.  Then  add 
7|  gallons  more  lye  of  double  the  strength,  and  about 
6  lbs.  of  pearl-ash,  to  prevent  stringiness;  continue  boiling, 
and  the  soap  will  almost  immediately  be  made. 

32.  Danger  of  Strong  Soap  and  Hot  Water. — An 
indefinite  number  of  receipts  could  be  given  for  soap 
equally  simple  with  these,  but  they  are  not  necessary. 
The  chief  point  to  be  observed  is  that  for  finishing  and 
sizing  goods  or  yarn  a  neutral  soap  should  be  used  ;  that 
is,  one  in  which  the  alkali  and  oil  balance  each  other ; 
but  for  wool-washing  there  should  be  a  slight  excess  of 
alkali,  depending  on  the  grease  and  dirt  in  the  wool ; 
but,  above  all  things,  there  should  not  be  too  much,  or 
the  wool  will  be  burnt.  Nor  should  the  water  be  too  hot. 
Any  heat  which  the  hand  cannot  bear  is  too  great,  but 
dirty  wool  naturally  requires  more  heat  than  clean,  and 
therefore  no  exact  degree  can  be  given.  It  is  so  easy  to 
make  soap,  and  the  risk  in  buying  it  is  so  great,  that  it  is 
surprising  that  all  manufacturers  do  not  make  it  for 
themselves.  It  is  a  usual  and  desirable  thing,  when  the 
wool  goes  through  three  or  four  washing  bowls,  to  put  a 
much  stronger  soap  in  the  first  than  in  the  others,  in 
order  to  extract  at  once  the  dirt  and  grease.  In  the  last 
bowl,  on  the  other  hand,  a  soap  is  used  in  which  the  oil 
is  in  excess  of  the  alkali,  so  that  the  wool  is  fed  and 
softened  before  it  is  dried.  When  it  is  remembered  that 
the  little  cells  which  compose  the  fibres  of  wool  are 
swollen  and  raised  by  the  heat  of  the  water,  and  the  wool 
itself  actually  softened,  it  is  easy  to  see  that  a  good  oily 
soap  will  be  able  to  penetrate  the  fibre,  and,  by  depositing 
some  of  the  oil  upon  it,  will  make  it  softer  to  work  in  the 
future  processes.     Some  persons  also  finish  with  putting 
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the  wool  through  a  bowl  of  clean  water,  but  though  this 
may  improve  the  colour^  it  prevents  any  oil  from  being  left 
in  the  fibre,  and  this  is  not  always  desirable.  It  is  a  fact, 
not  generally  appreciated  by  wool-washers,  that  wool  can 
be  dissolved  altogether  till  nothing  is  left  visible.  Hot 
water  alone  will  not  do  this,  wool  may  be  boiled  without 
being  dissolved  ;  but  put  a  little  caustic  potash,  or  any- 
thing of  a  similar  nature,  into  the  water,  even  if  it  he 
very  far  from  boiling,  and  the  wool  will  rapidly  dis- 
appear; the  hotter  the  water  the  quicker  it  will  melt. 
This  shows  the  danger  of  having  too  strong  a  soap, 
and  also  too  hot  water,  for  even  if  every  fibre  merely 
lose  the  smallest  fraction  of  its  surface,  the  total  loss 
is  great.  And  besides,  it  will  be  the  serrated  points 
which  will  go  first,  and  thus  the  spinning  properties  will 
be  spoilt.  Very  hot  water  alone,  even  without  any  soap, 
spoils  the  wool,  by  taking  out  its  natural  curl,  and  thus 
destroying  its  spinning  power,  and  many  a  bad  spin  is 
due  to  nothing  more  than  the  excessive  heat  of  the  sud 
in  which  the  wool  has  been  washed.  No  one  can  estimate 
the  amount  of  loss  caused  by  these  two  evils^ — too  strong 
soap  and  too  hot  water ;  and  they  should  be  carefully 
watched  by  the  person  in  charge. 

For  washing  mohair  some  persons  use  only  cold 
watei',  thinking  it  better  not  even  to  wash  the  fibres 
thoroughly.  They  cannot  stand  as  much  washing  as 
^vool  cei'tainly,  nor  can  alpaca,  but  the  exjierience  of 
tlie  trade  generally  does  not  favour  cold-water  washing, 
but  rather  a  moderately  good  washing  in  a  warm  sud, 
with  a  neuti'al  soap,  and  not  too  much  of  it. 

.  33.  Petrie's  Washing-Bowl. — A  short  description  of 
the  washing-bowl,  and  of  the  principles  on  which  it 
works,  is  now  necessary.  Formerly  all  washing  was  done 
by  hand.  The  bowl  was  filled  with  the  sud,  and  the 
wool  put  into  it,  while  one  or  two  men  with  wooden  poles 
stirred  it  about,  and  finally  lifted  it  on  to  a  travelling 
apron  which  carried  it  between  a  pair  of  rollers,  by  which 
the  water  was  squeezed  out.    The  same  principle  still  pre- 
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vails,  but  machinery  does  the 
work.  In  Fig.  3  is  repre- 
sented one  of  the  best  forms 
of  washing-bowl  made  by- 
Mr.  John  Petrie,  of 
Rochdale,  The  wool 
is  placed  on  a  "feed- 
ing-apron," A,  and 
carried  down  into  the  water 
by  a  brass  roller,  b  ;  four 
forks,  F  F,  gradually  carry 
the  wool  forward  through  the 
sud,  and  through  three 
stationary  forks,  c,  which  are 
fixed  in  the  water.  It  then 
arrives  at  a  lifter,  L,  which 
raises  it  from  the  water  to 
the  rollers,  R  R,  which  squeeze 
the  water  out,  and  as  soon 
as  it  has  passed  through  them 
it  is  shaken  and  opened  by  a 
wooden  roller  made  like  a 
fan,  and  then  thrown  on  to 
the  floor.  The  action  of  the 
lifter  L  is  the  chief  peculiarity 
of  this  bowl ;  it  is  the  entire 
width  of  the  bowl,  and  is 
made  by  placing  side  by  side 
a  number  of  bars  of  wood. 
Into  these  bars  spikes  are 
inserted,  sloping  upwards,  and 
towards  the  rollers.  These 
bars  have  a  short  stroke 
motion;  every  alternate  one 
moves  up  a  few  inches,  while 
the  other  set  of  alternate 
ones  move  down;  at  the  next 
stroke   those    which    moved 
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down  now  move  up,  and  those  which  moved  up  now  move 
down,  and  so  on,  turn  about.  By  this  motion  the  wool 
on  them  is  gradually  carried  up  to  the  rollers,  and  so  out 
of  the  bowl.  As  each  set  of  bars  moves  down,  the  wool 
on  them  is  caught  by  the  set  that  moves  up,  and  at  each 
stroke  is  thus  raised  about  three  inches  till  it  reaches 
the  rollers.  As  the  wool  is  floated  gently  on  to  the  bot- 
tom of  the  lifter  in  the  water,  it  never  goes  up  in  lumps, 
and  thus  passes  evenly  through  the  rollers. 

34.  McNaught's  and  Jefferson's  Bowls. — This  im- 
provement has  been  effected  in  consequence  Of  a  change 
in  the  idea  of  washing  wool.  It  was  tliought  a  good 
thing  to  swill  the  wool  well,  to  rinse  it  out  by  quick 
stirring,  and  finally  to  give  it  one  rather  rapid  passage 
through  the  sud  by  means  of  a  fork  which  lifted  it 
entirely  out  of  the  water,  high  up,  on  to  an  apron,  which 
took  it  to  the  rollers.  It  is  now  seen  that  this  is  a  mis- 
take. If  wool  is  drawn  rapidly  through  the  water  it 
clogs  together  and  becomes  stringy,  and  in  doing  so 
binds  in  all  the  dirt  that  may  be  attached  to  it.  But  if 
the  wool  floats  gently  on  the  water,  its  natural  tendency 
is  to  spread  out  very  openly,  and  thus  make  all  the  dirt 
and  foreign  matter  separate  from  it  and  sink.  Hence  it 
is  seen  that  the  forks  of  the  bowl  must  move  very  slowly 
indeed,  so  as  to  give  the  wool  rather  the  appearance  of 
floating  quietly  on  a  slow  current,  rather  than  that  of 
being  dragged  tlirough  the  water  by  rods.  An  exceed- 
ingly good  machine  has  been  made  by  Messrs.  J.  and  W. 
McNaught,  of  Rochdale,  to  accomplish  this.  Instead  of 
the  forks  moving  one  after  the  other  tlirough  the  water 
and  thus  swilling  the  wool,  they  have  fixed  all  their  foi'ks 
to  an  iron  frame  which  hangs  by  chains  entirely  above 
the  bowl.  By  means  of  an  eccentric  wheel  it  drops 
down  to  the  level  of  the  water,  moves  very  slowly  along 
with  the  forks  in  the  water,  which  gradually  propel  the 
wool  in  the  gentlest  way,  and  then  it  is  lifted  up  again, 
moved  backwards  to  its  starting-point,  and  again  de- 
scends.    In  this  bowl,  too,  the  rollers  are  at  the  water's 
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edge,  so  that  the  wool  does  not  need  to  be  raised  out  of 
it.  But  this  principle  is  carried  out  with  greatest  suc- 
cess by  Messrs.  Jefferson  Brothers,  of  Bradford,  whose 
squeezing  rollers  are  illustrated  in  Fig.  4, 

The  lowest  rollers,  c  C,  have  their  nip  below  the  level 
of  the  suds,  D.  The  wool,  therefore,  which  floats  up  to  it, 
and  is  also  pushed  forward  by  the  fork.  A,  is  caught  by 
the  nip  while  still  loose  and  floating  freely  in  the  water, 
and  before  it  has  any  opportunity  of  becoming  compact 
and  stringy.  As  soon  as  it  passes  through  the  nip  of 
c  c,  it  comes  again  into  the  sud,  and  is  quite  saturated 


Fig.  4. 

before  reaching  the  second  nip,  e  c,  which  squeezes  it  a 
second  time  and  passes  it  on  to  the  third  rollers,  E  F,  for 
a  final  wringing,  and  so  on  along  tlie  apron  G  into  a 
box  ready  to  receive  it.*  This  method  avoids  many 
difficulties  which  the  washer  of  long  wool  encounters 
with  other  machines,  such  as  the  wool  forming  into 
lumps  and  choking  the  rollers,  or  falling  back  off  the 
apron  into  the  sud.  It  undoubtedly  enables  the  wool  to 
be  squeezed  more  evenly,  and  while  more  spread  out, 
a  much  better  colour  is  also  obtained,  with  a  great 
saving  of  soap. 

35.  Dr.  Braun's  Machine. — There  is  another  method 

*  The  top  roller,  F,  is  often  made  as  a  beater  or  fan  to  shake  the 
■wool  instead  of  squeezing  it,  and  so  make  it  lie  lighter  and  looser  on 
the  drier.    This  is  found  to  be  an  improvement. 
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of  wool-washing — invented  by  Dr.  Braun,  a  German,  and 
tried  in  Verviers — which  has  probably  not  been  tried  in 
England,  but  which  is  here  given  on  account  of  the  re- 
markable results  which  are  said  to  have  attended  it. 
Though  the  process  itself  is  evidently  complicated  and 
clumsy,  it  is  worth  the  attention  of  wool -washers  who 
may  be  able  to  bring  it  into  practical  use.  The  descrip- 
tion is  quoted  from  the   Textile  Mamifacturer : — 

"  This  apparatus  is  designed  for  a  new  method  of 
cleansing  wool,  consisting  in  washing  the  raw  material 
first  with  water,  then  with  alcohol  and  ether,  and 
again  with  water.  By  the  use  of  the  apparatus  the 
proceeds  of  the  washing  are  not  lost,  but  can  easily 
be  recovered  and  utilised,  while  the  alcohol  and  ether 
are  used  continuously  and  with  but  little  diminution.  The 
apparatus  (Fig.  5)  consists  of  a  vessel.  A,  by  preference 
made  cylindrical,  containing  a  well-closing  lid  ;  above 
this  vessel  are  three  other  vessels,  b,  c,  d,  situated  at  a 
higher  level ;  and  on  the  same  level  as  A  is  a  distilling 
vessel,  E,  with  cooling-pipes  situated  above  the  receptacles 
B,  c,  D.  The  different  vessels  are  connected  by  pipes,  in  the 
manner  shown,  and  the  process  is  cariied  out  in  the 
following  way,  viz.  :  B  is  filled  with  water,  c  with  alcohol 
(of  sixty  per  cent.),  D  with  ether,  whilst  A  contains  the 
wool  to  be  cleaned,  which  latter  is  compressed  between 
two  frames  containing  sieves  or  perforated  plates  ;  all  cocks 
having  been  closed,  those  marked  7,  1,  6  are  opened  first; 
thus  the  water  passes  from  b  into  A  from  below,  and  expels 
the  air  from  between  the  wool.  As  soon  as  the  water 
passes  out  of  the  cock,  6,  the  two  cocks  6  and  1  are 
closed,  and  2  and  5  opened,  until  the  water  passing  out 
of  5  is  quite  clean  ;  cock  7  is  then  closed,  to  stop  the  flow 
of  the  water,  and  8  opened  to  admit  alcohol,  until  cock 
1 1  shows  alcohol ;  cocks  8  and  5  are  then  closed  to  stop 
the  flow  of  alcohol,  and  4  and  9  opened,  cock  2  being 
still  open,  which  admits  ether ;  the  latter  then,  with  the 
assistance  of  the  alcohol,  drives  out  the  water  which  is 
still  in  the  lower  portion  of  the  wool,  and  into  the  vessel, 
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E.  When  the  first  portions  of  ether  have  expelled  the 
iilcohol,  the  remaining  portion  will  commence  to  dissolve 
the  grease  in  the  wool,  and  carry  it  into  E,  As  soon  as 
the  fat  has  been  removed,  the  cocks  4,  2,  and  9  are 
closed,  and  8,  1,  and  3  opened,  until  the  cock  11  shows 
alcohol;  cock  8  is  then  closed,  and  7  opened,  which 
causes  the  alcohol  which  is  in  the  lower  part  of  the  wool 


Fig.  5. 

to  carry  any  remaining  ether  into  the  vessel,  E.  As  soon 
as  all  ether  and  alcohol  are  removed  from  A,  the  cocks 
7,  1,  and  3  are  closed,  and  6  opened.  The  wool,  now  free 
from  grease,  alcohol,  and  ether,  is  taken  out  of  the  vessel 
A,  and  washed  with  tepid  water,  while  A  can  be  filled 
with  a  fresh  portion  of  material  to  be  operated  upon. 
The  vessel  e  now  contains  water,  alcohol,  ether,  and 
fat,  which  substances  may  be  distilled  in  different  ways. 
The  fat  and  tlie  greater  portion  of  the  water  are  drawn 
off  by  means  of  the  cock  10 ;  the  distilled  ether  collects 
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in  D,  the  alcohol  in  c,  and  a  part  of  the  water  in  B  ;  the 
alcohol  and  ether  are  almost  completely  recovered  ;  the 
loss  of  water  is  easily  replaced.  The  arrangement  may 
be  varied  by  having  several  vessels,  E,  and  using  each  of 
them  for  a  separate  liquid.  The  inventor  claims  greater 
efficiency  than  by  the  usual  mode  of  washing,  and  main- 
tains that  the  wool  is  preserved  in  a  better  condition, 
which  latter  assertion  seems  to  have  been  borne  out  by 
some  experiments  made  at  Verviers,  in  Belgium.  A  lot 
of  Buenos  Ayres  wool  having  been  divided  into  two 
portions,  A  and  B,  A  was  wasJied  by  the  above  described 
process,  and  B  in  the  usual  manner.  The  results  were  the 
following,  viz.  :  A  was  whiter  than  B  :  A  lost  in  burring  6 
per  cent.,  while  B  lost  13  per  cent :  In  spinning  A,  41  out 
of  1,440  ends  broke;  while  in  spinning  b,  100  broke  out 
of  the  same  number:  Out  of  A,  22,000  yards  were  spun, 
but  out  of  E,  only  20,000 ;  the  yarn  spun  out  of  A  is 
softer,  more  elastic,  more  regular,  stronger,  and  more  even 
in  colour  after  dyeing,  and  winds  very  much  easier. 
If  the  method  we  have  described  has  all  the  advan- 
tages which  are  claimed  for  it,  it  proves  again  that 
scientific  treatment  is  superior  to  the  old  way  of  working 
by  rule  of  thumb.'' 

36.  Verviers  Wool-washing. — So  much  has  been 
heard  in  England  of  the  su])erior  wool -washing  in 
Verviers,  that  the  following  brief  account,  given  by  Mr. 
Craig-Brown  to  the  South  of  Scotland  Chamber  of  Com- 
merce, of  the  washing  in  the  great  mill  of  Messrs.  Peltzer 
&  Son,  is  of  value.  They  are  spinners  of  worsted  and 
woollen  yarn  made  of  Buenos  Ayres  and  Monte  Videan 
greasy  wool,  and  very  largely  supply  the  Glasgow  market : 
"  Having  V)een  sorted,  the  wool  is  put  into  an  iron  cage 
mounted  on  a  swivel  in  front  of  the  first  scouring-trough. 
Here  it  is  saturated  from  an  over-head  pipe  with  a  liquor 
made  from  the  drippings  of  previous  cagefuls  of  greasy 
wool  treated  with  alkali.  Pipes  carry  the  drippings  into 
a  large  tank,  where  the  alkali  is  added,  and  the  contents 
pumped  high  enough  to  permit  of  redistribution.      This 
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liquor  has  a  remarkable  effect  in  loosening  and  opening 
the  wool,  a  process  further  stimulated  in  the  cage  by- 
showers  of  pure  cold  water.  From  this  cage  the  wool  is 
fed  into  the  first  tank  of  the  scouring  machine ;  the 
liquor  is  the  same  as  with  us — soda  and  hot  water. 
But  a  feature  of  the  process  is  the  extreme  slowness  with 
which  the  first  forks  travel — an  unquestionable  advan- 
tage. After  being  thoroughly  raised,  or  freed  from 
grease,  the  wool  is  carried  into  the  rinsing-troughs. 
These  are  of  great  caj)acity,  are  kept  constantly 
supplied  with  a  large  stream  of  clean  cold  water,  and  have 
forks  travelling  at  a  velocity  as  much  above  ours  as  the 
forks  in  the  hot  tanks  are  beloAv  it,  the  object  of  which  is 
obvious.  By  this  radical  cleansing  the  soda  is  completely 
removed,  instead  of  being  left  to  eat  into  and  discolour 
the  staple  in  the  process  of  drying.  Most  of  the  wool  is 
'  whizzed '  after  drying,  but  I  saw  one  drying-machine  fed 
continually  from  the  scourer,  and  delivering  wool  in  that 
nice  soft  condition — neither  too  dry  nor  too  moist — which 
ought  to  be  the  aim  of  every  scourer.  It  was  a  large 
hollow  chamber,  through  which  the  wool  slowly  passed 
on  an  apron,  subject  to  a  strong  draught  of  heated  air 
drawn  through  it  by  an  exhaust  fan."  It  is  worth 
noting  here  that  the  scouring  property  of  the  potash  in 
the  yolk  from  the  fleece  is  recognised  by  its  being  used 
.  over  and  over  again  to  partially  wash  the  new  wool,  and 
also  that  though  soda  is  used  for  scouring,  the  wool  is 
well  rinsed  in  clean  water  lest  it  should  discolour  and 
harden  the  wool.  As  much  of  this  wool  is  dyed  before 
spinning,  it  is  necessary  to  extract  all  the  oil  from  the 
fleece,  but  potash  would  do  this  as  well  without  the 
danger  of  spoiling  the  colour. 

37.  Ordinary  Hot  Blast  Drjdng  Machine. — Hav- 
ing washed  the  wool,  it  is  necessary  to  dry  it.  The 
common  form  of  dryer  is  a  large  flat  or  sloping  table 
covered  with  wire  netting,  and  with  wooden  sides. 
Underneath  is  a  number  of  hot  steam-pipes,  and  at  one 
end  is  a  circular  fan  which  revolves  at  a  great  speed,  making 
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often  800  or  900  revolutions  per  minute.  The  wool  is 
spread  on  the  top  of  the  netting,  and  the  fan  blows  air 
heated  by  the  steam-pipes  through  it,  and  thus  it  is 
dried.  Sometimes  the  pipes  are  above  the  dryer,  which 
is  then  in  a  small  room  by  itself,  and  the  fan  draws  the 
hot  air  down  through  the  wool ;  but  this  mode  is  much 
longer  and  therefore  more  costly  than  the  former,  in 
which  the  wool  is  always  being  blown  up  from  the 
wire  netting,  and  so  lies  loOsely  and  lightly.  In  the 
latter  way  the  draught  forces  the  wool  down  on  to  the 
netting  and  makes  it  lie  dead  and  heavy,  so  that  the  air 
cannot  get  through  it  so  well.  The  fault  of  both 
dryers  is  that  they  take  up  a  great  deal  of  room,  and  are 
difficult  to  cover  evenly.  Consequently  if  any  thin 
place  is  left,  the  air  blows  up  or  down  through  it,  making 
the  wool  there  too  dry,  and  leaving  any  thick  place  too 
wet.  There  is  a  risk  also  of  the  wool  being  allowed  to 
remain  too  long  on  the  dryer,  in  which  case,  owing  to  the 
hot  pipes,  it  becomes  scorched  ;  or  it  may  be  taken  oft 
too  soon  and  is  thus  difficult  to  work  in  the  next 
machines.  Some  more  regular  method  is  therefore  needed 
to  ensure  a  uniform  amount  of  moisture,  and  this  seems 
to  have  been  effected  by  Mr.  Petrie,  of  Rochdale. 

38.  Petrie's  Dryer.  —  Fig.  6  represents  one  of 
these  machines  in  a  room  20  feet  long,  4  feet  6  inches 
wide,  and  14  feet  high.  The  wool  is  fed  in  at  the  side  as 
marked,  and  passes  through,  forwards  and  back  again,  in 
the  direction  of  the  arrows  till  it  is  delivered  at  the 
opposite  side  from  that  at  which  it  entered,  and  at  the 
bottom.  It  rests  upon  tables  which  are  made  of  bai-s 
lying  side  by  side.  Every  alternate  bar  is  stationary, 
the  others  being  movable  but  fastened  together  under- 
neath. The  set  of  movable  bars  have  a  motion  forwards 
and  backwards,  but  when  moving  forwards  they  are  above 
the  level  of  the  fixed  bars,  thus  })ropelling  the  wool  for- 
wards with  themselves.  But  when  they  travel  backwards 
again,  they  drop  down  to  below  the  level  of  the  fixed 
bars,   and  thus  do  not  take  the  wool  back  with  them. 
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This  motion  is  obtained  by  the  levers  and  rods  fixed  to 
wheels  at  the  front  of  the  machine,  as  shown  in  the 
diagram.  As  the  wool  on  the  top  table  comes  to  the 
end,  it  falls  over  on  to  the  next  lower,  and  the  sama 
process  is  repeated.  There  is  a  hot  blast  blowing  in  the 
same  direction  as  the  wool  travels,  and  this  both  lightens 
it  and  helps  it  on.  It  also  lifts  the  wool  from  the  feeding 
place  to  the  top  table,  for  the  entire  draught  passes  the 
mouth  of  the  opening  where  the  wool  goes  in.  This,  of 
course,  can  only  be  used  in  the  case  of  short  or  loose 
wool,  because  the  draught  could  not  well  lift  some  of  the 


heavy  portions  of  long  wool  fleeces.  Its  production  of 
dry  wool  is  great,  for  it  is  said  to  be  able  to  dry  80  to  90 
packs  per  week,  which  is  much  more  than  an  ordinary 
open  drier  of  the  same  size  could  do.  It  also  makes 
the  wool  of  uniform  dryness,  for  the  time  taken  by  the 
wool  in  passing  through  is  regulated  by  the  dryness 
required. 

39.  Moore's  Dryer — There  is  another  dryer,  however, 
known  as  Moore's,  of  Trowbridge,  which  is  extensively 
used  by  woollen  manufacturers,  and  which  is  simpler 
tlian  Petrie's.  As  shown  in  Fig.  7  the  machine 
consists  mainly  of  two  sets  of  small  rollers,  f  f,  and 
a  large  spiked  drum,  R.  The  wool,  about  100  lbs.  at 
a  time,  is  fed  in  at  c,  where  there  is  a  door.  The  lower 
Bct  of  rollers  f  revolve  towards  the  drum,  and   carry  the 
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wool  along  on  the  top.  They  are  made  of  iron  tubes 
3|  inches  in  diameter,  and  fit  close  together  so  that  no 
wool  can  fall,  but  yet  they  allow  dust  and  dirt  to  pass 
through.  The  drum  is  constantly  revolving  at  about  110 
revolutions  per  minute,  and  as  the  wool  reaches  it,  the 
spikes  carry  it  round  and  up  to  the  top  set  of  rollers,  the 
door,  B,  being  then  closed.  The  top  rollers,  f,  revolve 
towards  the  right,  and  carry  the  wool  to  the  other  end, 
when  it  drops  down  and  begins  the  journey  again.  There 


Fig.  8. 

are  hot  steam-pipes  below  each  set  of  rollers,  and  the 
pipes  themselves  soon  become  hot.  D  D  are  two  chimneys 
for  letting  out  the  hot  damp  air ;  fresh  air  passes  in 
under  the  lower  set  of  pipes,  E.  The  machine  will  dry 
from  1,500  to  2,000  lbs.  per  day.  It  has  the  great 
advantage  of  being  without  a  fan,  which  costs  much  to 
drive  and  blows  away  hot  air  long  before  the  heat  has 
done  its  proper  amount  of  work  in  drying.  When  the 
door,  B,  is  opened  the  wool  is  thrown  out  without  any 
labour. 

40.  Hydro-extractor. — Where   it   is  possible,  it    is 
better  to  dry  without  heat  at  all,  simply  with  a  cold 
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blast,  because  however  heat  is  regulated  it  is  apt  to  dry 
the  wool  too  quickly,  and  so  to  shriuk  it  and  make  it 
hard.  Every  one  knows  that  in  drying  flannel,  it  should 
be  hung  in  the  open  air  to  dry  slowly,  and  not  held 
before  a  fire  or  put  in  a  hot  place.  The  same  thing,  and 
for  the  same  reason,  applies  to  wool.  There  is  another 
form  of  dryer  called  the  hydro-extractor,  which  is  some- 
times used  for  wool,  but  chiefly  for  yarn  and  cloth,  but  it 
does  not  make  them  entirely  dry.  The  material  is  put 
inside  the  wire  circular  cage  shown  in  the  centre  of 
Fig.  8,  which  revolves  at  an  immense  speed  inside  the 
iron  case  which  is  seen  outside.  It  is  worked  by  the 
engine  at  its  side.  The  centrifugal  force  and  the  current 
of  air  drive  the  water  out  through  the  sides  of  the  wire 
cage  against  the  inner  sides  of  the  iron  case,  which  is 
stationary,  and  it  there  escapes  from  a  pipe  at  the  side. 

41.  Oiling  Wool. — The  question  of  oiling  wool  is  one 
of  importance  and  interest  to  the  manufacturer,  and  it  is 
necessary  he  should  use  such  oils  as  are  best  suited  to  his 
purpose,  if  he  use  any  at  all.  For  long  English  wool, 
unless  it  is  spun  to  its  farthest  limit,  oil  is  really 
unnecessary  either  for  combing  or  spinning,  but  there  is 
no  doubt  it  softens  the  wool  and  helps  it  to  spin  to  a 
higher  count  than  it  would  reach  if  quite  dry.  But  there 
is  another  reason  why  it  is  liked.  It  is  much  cheaper 
than  wool,  the  very  best  olive  oil  being  only  from  5d.  to 
6d.  a  pound,  while  combed  wool  is  cheap  when  three 
times  that  value.  Every  pound  of  oil  used,  therefore, 
represents  a  distinct  gain  to  the  manufacturer.  Tlie 
French  worsted  spinners,  as  is  well  known,  spin  without 
oil,  and  even  when  they  use  it  in  carding  and  combing 
their  short  Botany  wool,  they  wash  it  all  out  before 
beginning  the  process  of  drawing  preparatory  to 
spinning.  They  do  this  from  the  belief  that  the  cloth 
can  be  dyed  a  brighter  and  clearer  colour  when  the  wool 
has  been  worked  free  from  oil  and  perfectly  clean.  Some 
English  worsted  spinners  and  manufacturers  have 
adopted  the  same  course,  and  it  is  obvious  that  their 
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customers  who  scour  or  dye  their  yarn  or  cloth  will  prefer 
it  free  from  oil,  if  for  no  other  reason  than  that  it  will 
lose  less  weight  in  those  processes  when  free  from,  than 
when  mixed  with  oil. 

42.  Best  Oil  to  be  Used. — If,  however,  oil  is  used 
for  worsted  yams,  it  should  be  the  best  quality  of  olive. 
Gallipoli  is  the  name  for  the  very  best,  but  some  others 
are  so  good  as  to  be  hardly  distinguishable  from  it. 
Olive  oil  softens  the  wool,  and  even  after  a  year  or  more 
the  wool  does  not  become  hard  or  stiff,  and  the  oil  keeps 
fresh  and  sweet  in  it.  The  loss  which  may  be  occasioned 
by  oil  turning  rancid  or  sticky  on  yarn  which  has  been 
kept  in  stock  for  a  year  is  so  great  that  no  prudent 
manufacturer  will  run  any  risk  ;  but,  at  the  same  time, 
it  is  most  difficult  for  any  one  but  an  expert  to  detect 
adulteration  in  oil,  cotton-seed  oil  being  largely  used  for 
adulterating  it ;  and  therefore  it  should  only  be  bought 
from  merchants  whose  character  for  honesty  can  be 
relied  on.  A  compound  known  as  "  soap  cream "  has 
been  introduced,  with  the  recommendation  that  it  is 
cheaper  and  better  than  oil,  improving  the  colour  of  the 
wool,  and  helping  the  process  of  scouring  the  yarn  or 
cloth  afterwards.  As,  however,  it  is  largely  composed  of 
water,  its  cheapness  is  not  surprising,  and  its  other 
supposed  virtues  are  very  doubtful.  The  chief  result  of 
employing  it  is  that  less  oil  is  used  than  when  an  equal 
quantity  of  real  Gallipoli  is  put  on  to  the  wool,  and 
any  one  who  wishes  to  arrive  at  this  result  had  better 
simply  put  on  half  the  quantity  of  Gallipoli  and  add  what 
quantity  of  water  and  soap  he  thinks  fit. 

43.  Oleine  Oil  for  Woollens. — For  woollen  yarns, 
especially  those  containing  much  mungo  and  shoddy,  oil 
seems  necessary  as  the  fibre  is  very  short.  But  as  it  is 
all  washed  out  again  before  or  during  the  milling  process, 
it  is  not  requisite  to  use  anything  so  expensive  as  olive, 
and  oleine  oil  is  therefore  generally  employed.  It  is 
obtained  from  the  manufacture  of  stearine  candles. 
When  the  stearine  is  extracted  oleic  acid  is  left,  but  is 
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mixed  with  sulphuric  acid,  which  has  been  used  to 
separate  the  stearine  from  it.  From  the  oleic  acid,  oleine 
is  obtained,  but  the  sulphuric  acid  must  be  separated 
from  it  by  distillation.  As  it  is  heavier  than  the  oleine, 
part  of  it  is  often  left  in  to  cheapen  the  oil ;  but  this  form 
of  adulteration  is  very  injurious,  both  to  the  wool  on 
which  the  oil  is  used  and  to  the  persons  working  with  it. 
Impure  oleine  prevents  the  cloth  from  dyeing  a  good 
colour  and  makes  it  streaky  ;  but  the  pure  oil  is  really 
of  assistance  in  helping  the  scouring  of  the  cloth.  One 
of  its  properties  is  the  great  readiness  with  which  it 
saponifies,  on  account  of  which  it  is  largely  employed  in 
soap  works.  When,  therefore,  it  has  been  used  on  the  wool, 
it  is  only  necessary  to  put  soda  or  potash  into  the  water 
for  scouring  the  cloth.  The  oil  comes  out  of  its  own 
accord,  and  unites  with  the  soda  or  potash  to  form  soap, 
and  thus  scours  the  cloth.  If  olive  oil  has  been  used  on 
the  wool,  some  soap  is  needed  for  scouring.  Where 
woollen  yarns,  previously  oiled  with  oleine,  have  to  be 
scoured,  it  is  only  necessary  to  put  ammonia  into  the 
water,  for,  being  looser,  they  give  out  their  oil  more 
readily  than  does  cloth. 

44.  Test  for  Oil. — The  best  oils  are  those  which 
oxidise  least,  remain  fluid  longest,  and  saponify  with  the 
greatest  facility  with  carbonate  of  soda  without  the 
addition  of  heat.  The  power  of  remaining  fresh  and 
unrancid  is  also  of  prime  importance,  and  in  this  olive  is 
pre-eminent.  The  following  receipt  is  given  for  testing  oil. 
Take  a  portion  of  oil  and  stir  it  up  with  forty  parts  of  a 
solution  of  carbonate  of  soda  of  three  degrees  Baumd  If 
the  oil  forms  a  milky  emulsion,  without  any  oily  drops  on 
the  surface,  it  is  a  guarantee  for  a  good  greasing  of  the  wool. 

45.  Quantity  to  be  Used. — For  worsted  yarns  the 
less  oil  that  is  used  the  better;  three  pints  per  pack 
(240  lbs.)  is  quite  enough  for  ordinary  English  wool. 
Very  strong  wool  needs  more,  and  absorbs  it  without 
showing  that  much  has  been  used.  For  woollen  yarns 
the  following  are  very  common  quantities  where  the  fibre 
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is  sliort  and  shoddy  largely  used.  When  the  yam  is  sold 
in  the  grease,  for  every  100  lbs.  of  wool  18  lbs.  of  oleine 
and  30  lbs.  of  water  are  mixed  with  it.  Where  the  yarn 
is  sold  scoured,  12  per  cent,  of  oleine  and  30  per  cent,  of 
water  are  considered  enough.  The  water  should  be  hot 
and  mixed  with  the  oleine,  a  little  sal  ammoniac  being 
used  to  help  the  assimilation.  In  making  vigogne  or 
angola  yarns,  which  are  mixtures  of  cotton  and  wool,  the 
wool  must  be  well  mixed  with  the  above  proportions  of 
oil  and  water  before  the  cotton  is  put  to  it ;  otherwise 
the  yarn  will  not  be  regular. 

46.  Carbonisation. — The  subject  of  carbonisation 
may  be  dealt  with  here,  as  it  comes  under  the  description 
of  washing.  All  wool  before  being  sorted  contains  much 
vegetable  matter  in  the  shape  of  seeds,  grass,  moss,  burrs, 
and  such  things.  Most  of  these  can  be  taken  out  in  the 
sorting,  or  fall  out  in  the  carding  and  combing,  but  some 
of  them,  especially  burrs,  cling  so  tenaciously  to  the  fibre 
that  they  are  carried  through  every  process  into  the 
cloth.  Among  the  worst  classes  of  wool,  in  this  respect, 
are  Port  Philip,  Cape,  and  Buenos  Ayres  ;  they  are  often 
literally  one  mass  of  burrs.  To  pick  them  out  by  hand 
is  impracticable,  while  if  the  wool  is  carded  with  them  in, 
though  some  may  be  knocked  out  by  burring  rollers  and 
other  machines  for  the  purpose,  a  great  number  are 
opened,  and  laid  lengthways  along  the  fibre,  in  form 
resembling  a  small  centipede,  and  in  this  state  adhere 
more  firmly  than  before  to  the  wool.  The  only  efiectual 
method  of  removing  them  is  by  carbonisation.  Some- 
times this  is  done  to  the  wool  immediately  after  washing ; 
at  others  it  is  done  to  the  cloth  before  or  after  milling. 
The  process  is  generally  called  carbonisation  of  wool  or 
cloth,  but  it  is  not  the  wool  which  is  carbonised,  but  the 
vegetable  matter  adhering  to  it.  The  effect  is  to  reduce 
the  vegetable  fibre  to  cinders  or  dust,  so  that  it  will  fall 
out  when  the  material  is  washed  or  shaken. 

47.   Methods   employed.  —  There   are   two   methods 
most  commonly  employed  for  doing  this.     The  one  is  to 
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saturate  the  wool  with  dilute  sulphuric  acid  of  4  to  5 
degrees  Baum6,  which  is  afterwards  removed  by  "  whiz- 
zing "  the  wool  in  a  circular  hydro-extractor.  The  wool 
is  then  spread  out  in  a  room  heated  to  2.50° 
Fahr.,  in  order  that  it  may  dry  quickly.  The  air 
being  so  hot  absorbs  the  moisture  very  rapidly,  leaving 
the  acid  in  the  wool.  The  acid,  which  has  a  strong 
affinity  for  water,  lays  hold  of  the  burrs  and  other 
vegetable  matters  which  still  retain  moisture,  and  extracts 
it  from  them,  leaving  only  the  cinders,  which  are  little 
else  but  carbon,  and  which  crumble  away  when  the  wool 
is  afterwards  washed.  In  extracting  this  moisture, 
however,  the  sulphuric  acid  is  decomposed  ;  and  if  any 
is  left,  it  is  so  little  as  to  do  no  harm  to  the  fibre  of 
the  wool,  especially  as  the  wool  is  immediately  washed. 
The  other  method  is  known  as  Joly's  process,  from 
the  name  of  its  inventor,  a  Frenchman.  By  it  the  wool 
is  saturated  with  a  solution  of  chloride  of  aluminium  of 
6  to  7  degrees  of  strength  Baume,  about  8  to  10  lbs.  of 
chloride  being  used  to  1 6  lbs.  of  wool.  The  wool  is  then 
whizzed  in  a  hydro-extractor,  and  well  dried  in  the 
ordinary  way.  After  it  is  quite  dry,  it  is  taken  to  the 
carbonising  room,  wliich  is  heated  to  212°  Fahr. 
and  left  there  for  three-quarters  of  an  hour.  It  is 
then  washed  with  water  and  fuller's  earth,  by  which  all 
the  chloride  is  removed,  and  the  carbonised  vegetable 
matter  washed  away.  This  method  is  the  one  generally 
adopted  now,  as  it  is  simplest  and  safest  for  the  wool,  and 
at  the  same  time  attended  with  least  inconvenience  to 
the  workmen. 

Carbonisation  can  also  be  effected  by  the  fumes  of 
muriatic  acid.  The  wool  is  placed  on  hurdles  in  an  air- 
tight room,  and  exposed  to  its  action  for  three  or  four 
hours,  after  which  the  temperature  is  raised  to  212° 
or  more.  In  a  short  time  the  heat  is  stopped,  fresh 
air  is  let  in,  and  the  wool,  when  cool,  is  washed.  The 
wool  before  being  fumigated  must  be  almost,  but  not 
quite,  dry. 
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48.  Wool  not  injured  if  care  be  taken. — Before 
treating  wool  in  any  of  these  ways  it  is  necessary  to  have 
it  thoroughly  washed,  so  as  to  remove  every  particle  of 
grease.  If  this  be  not  done,  the  result  will  be  that  the 
wool  will  be  made  tender,  and  cannot  be  milled,  while  it 
will  not  dye  well.  Experiments  have  been  made  to  test 
this,  and  it  has  been  found  that  "  the  sulphuric  acid,  acting 
on  imperfectly-cleansed  wool,  sets  at  liberty  the  fatty 
acids  of  the  grease,  which  fix  themselves  on  the  wool,  and 
cannot  be  got  rid  of  by  the  ordinary  processes."  In  addi- 
tion to  this,  the  grease  that  remains  clogs  the  saw-like 
edges  of  the  wool,  gluing  down  the  points  of  the  serratures, 
thus  making  the  edges  smooth  and  unable  to  felt ;  and 
the  fibres  themselves  are  considerably  weakened,  so  that 
on  being  milled  they  do  not  form  a  compact  mass,  but 
are  liable  to  be  torn  or  worked  into  holes.  Where,  how- 
ever, the  wool  has  been  perfectly  washed  before  being 
treated  with  the  acids,  no  injury  whatever  is  done  to  it;  pro- 
vided, of  course,  that  the  carbonising  is  effected  properly, 
and  that  the  whizzing  in  the  hydro-extractor  is  sufficient. 
Wool  washed  in  the  usual  way,  and  wool  washed  and  car- 
bonised, have  been  microscopically  examined,  and  the 
scales  and  serrations  of  the  latter  have  been  found  to  be 
just  as  clear  and  perfect  as  those  of  the  former.  Strange 
to  say,  the  strength  of  the  fibre  in  the  latter  case  is  even 
increased.  Herr  Weisner,  of  Vienna,  tested  horee-hair 
and  the  hair  of  the  Angora  goat,  and  found  that  when 
the  acid  did  not  exceed  4  per  cent.,  or  the  heat 
60°  to  65°  C,  fibres  which  previously  had  broken 
with  a  weight  of  480  grs.,  now  only  broke  with  568  grs. 
When  the  acid  was  raised  to  over  7  per  cent,  the  fibre 
was  weakened.  Though  wool  will  not  bear  an  equally 
strong  acid,  yet  if  treated  in  proportion,  its  strength  is 
not  injured. 

49.  Wiesner's  Experiments. — The  following  descrip- 
tion of  Herr  Wiesner's  experiments  is  worth  reproducing 
here,  as  showing  the  different  ways  in  which  wool  must  be 
treated  according  to  the  character  of  the  vegetable  matter 
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which  it  is  desired  to  carbonise.  After  examining  many 
kinds  of  wool,  he  found  that  the  vegetable  matter  might  be 
divided  as  follows  : — 1.  Burrsof  various  kinds.  2.  Frag- 
ments of  straw  and  grass.  3.  Raw  textile  fibres,  such  as 
jute.  4.  Fragments  of  leaves,  &c.  5.  Dung,  which  was  com- 
posed of  pure  woody  or  cuticular  cellulose.  Now  there 
are  three  kinds  of  cellulose.  It  exists  in  a  state  of  almost 
absolute  purity  in  the  bark  and  pith  of  the  impurities  in 
the  wool,  and  in  the  dung.  The  solid  cellular  tissue  in 
all  vegetable  matter  consists  principally  of  ligneous  cellu- 
lose, and  the  cuticular  cellulose  is  found  in  the  rind  of 
fruit,  leaves,  and  stems. 

"  In  his  experiments,"  says  the  Textile  Ifanur 
fcusturer,  "  Herr  Wiesner  employed  for  pure  cellulose, 
Swedish  filtering -paper ;  for  ligneous  cellulose,  jute 
and  thin  pine-wood  shavings  ;  and  for  cuticular 
cellulose,  raw  cotton.  These  substances  were  plunged 
into  the  sulphuric  acid  solution  of  given  strength,  left 
there  for  about  a  quarter  of  an  hour  at  the  tempera- 
ture of  the  atmosphere,  pressed  carefully  between  sheets 
of  filtering-paper,  and  then  submitted  to  the  action  of  a 
certain  degree  of  heat.  With  an  amount  of  acid  equal 
to  one  or  two  per  cent.,  and  a  temperature  of  40" 
to  50°  C,  the  ligneous  fibres,  at  the  end  of  three- 
quarters  of  an  hour  or  an  hour,  became  brittle,  and 
brownish  in  colour,  and  at  55"  they  were  carbonised. 
Pure  cellulose  presented  rather  more  power  of  resistance  ; 
with  1  to  2  per  cent,  of  acid  it  became  brittle  at  the  end 
of  about  an  hour  at  50°  to  55°,  it  began  to  turn  brown 
at  60°,  and  to  blacken  at  about  65° ;  cotton  did  not 
become  brittle  till  the  heat  was  60°  to  62°,  began 
to  turn  brown  at  70°  to  72°,  and  did  not  car- 
bonise until  the  temperature  reached  several  degrees 
higher.  With  a  more  concentrated  solution,  and  greater 
heat,  the  decomposition  of  the  three  kinds  was  more 
rapid,  but  the  differences  remained  the  same  between  them. 
Before  any  signs  of  decomposition  appeared  the  fibres  all 
became  so  brittle   that  the   slightest  pressure   reduced 
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them  to  powder  ;  it  is  therefore  evidently  unnecessary 
to  bum  or  carbonise  vegetable  matter  to  purify  wool 
from  it.  Vegetable  substances,  in  carbonising,  give  out 
a  smell  of  caramel,  burnt  sugar ;  the  carbonised  matter 
contains  a  brownish  substance,  soluble  in  water." 

Thus  it  is  seen  that  these  vegetable  substances  can  be 
removed  from  wool  in  an  hour  by  employing  2  to  3  per 
cent,  of  sulphuric  acid,  and  a  temperature  of  50°  to  60°  0. 
This  is  a  matter  which  deserves  much  more  attention 
from  English  manufacturers  than  it  receives,  especially 
in  the  worsted  trade.  Woollen  manufacturers  who  make 
shoddy  by  extracting  the  wool  from  rags  which  have  cot- 
ton in  them  are,  of  course,  familiar  with  it.  As  is 
often  the  case,  the  warp  may  be  cotton  and  the  weft 
worsted,  or  vice  versd,  and  the  rags  are  then  treated  as 
above  described,  till  only  the  wool  is  left.  It  is  then 
worked  up  into  shoddy,  and  mixed  with  more  wool,  to 
be  again  spun  into  yarn,  and  woven  into  cloth. 

50.  Extraction  of  Oil  from  Soap-suds. — A  few  words 
should  be  said  regarding  the  extraction  of  oil  from  the 
refuse  soap-suds,  though  this  is  not  the  place  to  describe 
all  the  chemical  operations.  The  saving  is  so  great,  how- 
ever, that  no  wool-washer  ought  to  allow  his  suds  to  run 
away  in  the  form  they  leave  the  bowls.  Tanks  are 
prepared  to  receive  the  suds,  and  when  a  tank  is  full, 
a  certain  quantity  of  vitriol  is  poured  into  it.  This 
causes  the  sud  to  curd  or  crack,  and  the  grease  and  all 
solid  matter  fall  to  the  bottom,  leaving  the  water  com- 
paratively clear.  This  water  is  then  run  off  down  the 
drain,  and  the  thicker  portion  at  the  bottom  is  afterwards 
run  into  a  filter-bed  of  sand  and  gravel,  through  which 
the  rest  of  the  water  gradually  filters,  leaving  the  solid 
and  greasy  matter  behind.  This  is  laid  in  cloths  and 
called  "  puddings,"  which  are  pressed  in  hydraulic  or 
steam  presses  till  all  the  oil  is  squeezed  out.  From  what 
is  left,  potash  and  other  ingredients  can  be  extracted,  and 
the  refuse  is  used  as  manure.  The  oil  must  be  purified, 
and  can  then  be  used  with  great  advantage  for  soap- 
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making  or  lubricating.  As  it  is  not  worthwhile  for  each 
wool-washer  to  do  this  for  himself,  it  is  usual  to  sell  the 
suds  to  extractors,  whose  business  it  is  to  carry  out  this 
operation.  The  price  is,  of  course,  clear  gain  to  the 
washer,  and  the  process  has,  at  times,  been  very  profitable 
also  to  the  extractor,  especially  when  much  greasy  Colonial 
wool  is  used. 


CHAPTER    IV. 

THE    DIFFERENCE    BETWEEN   WORSTED    AND    WOOLLEN. 

51,  Worsted  and  Woollen. — Having  now  considered 
the  processes  employed  in  the  sorting  and  washing  of 
wool,  it  is  well  to  understand  what  is  the  difference 
between  the  two  sorts  of  yarn,  worsted  and  woollen, 
into  one  of  which  it  must  be  spun.  Every  spinner 
knows  which  class  of  yarn  he  spins,  and  most  persons 
familiar  with  the  trade  could  tell  at  once  whether  any 
given  piece  of  yarn  was  worsted  or  woollen,  but  at  the 
same  time  might  find  it  difficult  to  say  what  charac- 
teristic it  was  which  made  yarn  belong  to  the  one  class, 
and  not  to  the  other.  Yet  it  is  essential  to  know  the 
difl'erence  between  the  two  in  order  that  the  principle  of 
the  various  operations  in  their  manufacture  may  be 
properly  understood. 

52.  Former  distinction  untenable. — It  used  always 
to  be  said  that  worsted  was  made  of  long  wool  which 
was  combed,  and  woollen  of  short  wool  which  was 
carded  ;  the  characteristic  difference  between  these  two 
processes  being,  that  in  the  former  the  short  wool  is 
separated  from  the  long,  which  alone  is  spun,  while  in 
the  latter  the  short  wool  remains  mixed  among  the  long, 
and  all  the  little  lumps  and  knots  are  opened  out  by  the 
action  of  the  card-wires,  so  that  the  yarn  may  be  com- 
paratively smooth,  and  yet  gain  in  bulky  appearance 
owing  to  the  short  haii-s  in  it     Formerly  this  was  ap- 
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proxiiTiately  correct,  but  it  is  no  longer  so ;  and  tlie 
distinction,  even  if  correct,  would  be  entirely  unscientific, 
because  it  leaves  unanswered  the  question.  Why  must  a 
worsted  yarn  be  combed  and  a  woollen  one  carded  1  what 
is  the  principle  of  the  two  processes  which  makes  the 
difference  in  the  result  1 

53.  Difference  not  in  leng^th,  nor  in  combing  and 
carding. — In  the  first  place,  the  terms  "  long "  and 
"short"  are  too  vague,  for,  owing  to  the  increased  per- 
fection of  machinery,  wool  less  than  2  inches  long  can 
be  combed,  while  other  wool  of  6  or  8  inches  is  regu- 
larly carded,  and  even  wool  of  much  greater  length 
can  go  through  the  cards  with  little  injury.  Botany 
wool  of  two  inches  long  is  made  into  merino  cloth  ;  while 
Cheviots,  and  other  similar  wools  of  5  or  6  inches  long 
are  made  into  rough  woollen  goods.  It  is  clear,  there- 
fore, that  the  distinction  between  worsteds  and  woollens 
depending  on  the  length  of  the  fibre  is  no  longer  tenal>le. 
Nor  is  the  distinction  that  one  is  combed  and  the  other 
carded  satisfactory.  All  woollen  yarns  are  carded  or,  to 
use  another  name,  "  scribbled ;  "  but  a  large  proportion  of 
worsted  yarns  are  carded  also.  There  are  three  main 
classes  of  worsted  yarns,  which,  however,  to  some  extent 
overlap  each  other.  The  first  is  composed  of  long 
English  and  similar  wool,  which  is  combed  after  passing 
through  what  is  known  as  "preparing  boxes."  Of  the 
second  class,  yarn  made  of  Botany  wool  may  be  con- 
sidered representative,  for  the  wool  is  short,  and  is  first 
carded  and  then  combed.  Carpet  yarns  and  coarse 
"  fingering,"  or  knitting  yarns,  compose  the  third  class, 
and  are  made  of  wool  of  various  lengths,  which  are 
cai-ded  without  being  combed  afterwards,  as  the  object  in 
making  them  is  to  have  them  soft  and  bulky.  These 
different  classes  cannot  be  kept  distinct.  A  "top"  of 
combed  English  wool  may  be  mixed  with  one  of  carded 
and  combed  Botany  to  give  it  a  finer  quality;  or  the 
carpet  yarn  may  have  some  combed  wool  to  make  it 
more  level,  and  other  combinations  may  be  made.     This. 
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shows  that  the  idea  that  worsted  yarn  must  be  combed, 
and  that  all  carded  wool  is  spun  into  woollen  yarn,  is 
entirely  erroneous,  and  a  more  accurate  distinction  must 
be  found. 

54.  Difference  not  in  Mule  and  Throstle. — By  some 
persons  it  is  supposed  that  this  distinction  lies  in  the 
spinning-frame;  woollen  yarn  being  spun  upon  the 
•'mule,"  and  worsted  yarn  upon  the  "throstle."  The 
chief  characteristic  of- the  latter  frame  is  that  the  yarn  is 
twisted  and  wound  upon  a  bobbin  as  fast  as  it  is 
delivered  by  the  pair  of  rollers  which  draw  it  out,  and 
as  this  pair  of  rollers  revolves  constantly  while  the 
spinning-frame  is  in  motion,  the  principle  of  the  throstle 
frame  is  known  as  "continuous  drafting."  The  charac- 
teristic of  the  mule,  on  the  other  hand,  is  that  the  thread 
is  drawn  out  by  the  rollers  for  about  two  yards  before  it 
is  wound  on  to  the  bobbin,  being  kept  stretched  by 
means  of  the  spindle  and  bobbin  on  which  it  is  to  be 
wound,  travelling  away  from  the  rollers  on  a  "  carriage." 
In  some  cases,  the  rollers  cease  delivering  when  the 
carriage  has  gone  about  half  its  distance,  and  the  yarn  is 
then  drafted  by  the  carriage  proceeding  to  the  end  of  its 
journey  and  drawing  out  the  rove  which  has  been  thus 
delivered.  In  other  cases  the  rollers  deliver  as  long  as 
the  carriage  travels  outwards ;  but  in  either  way  more 
twist,  if  necessary,  can  be  put  into  the  yarn  by  the 
spindle  continuing  to  revolve  after  the  rollers  have 
ceased  to  deliver,  and  finally  the  yarn  is  wound  on  to  the 
bobbin  as  the  carriage  which  bears  it  again  approaches 
the  rollers.  In  consequence  of  this  stoppage  of  the 
rollers,  the  drafting  or  drawing  out  of  the  yarn  is  not 
continuous.  The  former  of  these  modes  of  mule  spinning 
is  most  suitable  for  woollen  yarn ;  while  the  principle  of 
continuous  drafting,  and  the  latter  mode  of  mule 
spinning,  are  most  suitable  for  worsted.  Woollen  yam 
has,  until  recently,  been  spun  only  on  a  mule  since  that 
miichine  was  invented,  but  a  spinning-frame  upon  the 
throstle  principle  of  continuous  drafting  has  lately  been 
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made  which  is  suitable  for  a  sort  of  woollen  yam. 
Worsted  certainly  is  spun  upon  the  mule,  the  latter 
frame  being  chiefly  in  use  on  the  Continent,  and  to  a 
small  extent  now  in  this  country,  and  it  is  found  to  be 
suitable  for  spinning  combed  as  well  as  carded  wool. 

55.  Nor  in  Milling. — As  this  distinction  is  untenable, 
we  tiirn  to  another  which  is  generally  believed  to  be 
correct,  namely,  that  woollen  fabrics  are  milled  or  felted, 
while  those  of  worsted  are  not.  This  is  a  still  more 
unsatisfactory  definition,  because  it  deals  with  the  cloth, 
whereas  it  is  obvious  that  whatever  difference  there  may 
be  must  exist  in  the  yarn,  seeing  that  both  sorts  of  yarn 
can  be  woven  in  the  same  way.  The  definition  also  is  not 
exhaustive,  because  some  woollen  cloths  are  only  scoured 
and  not  milled,  while  some  worsted  ones  (such  as  coat- 
ings) are  slightly  milled  to  give  them  greater  firmness. 
Tliere  are  also  mixtures,  of  which  the  warp  may  be 
worsted  and  the  weft  woollen,  and  these  may  or  may 
not  be  milled.  As  a  rule,  however,  woollens  are  milled 
and  worsteds  are  not,  and  it  is  indirectly  in  connection 
with  this  end  that  the  solution  of  the  problem  is  to  be 
found. 

56.  Difference  lies  in  Arrangement  of  Fibres. — The 
difference  between  worsted  and  woollen  depends  really 
on  the  arrangement  of  the  fibres  in  the  thread,  and  this 
indirectly  depends  on  the  fact  that  the  fibres  arranged  in 
one  way  are  less  suited  for  felting  than  if  they  were 
arranged  in  another.  This  is  not  the  place  to  describe 
the  operation  of  milling  or  felting,  further  than  to  say 
that  its  object  is  to  entangle  and  mat  all  the  fibres  of  the 
cloth  so  thoroughly  into  one  homogeneous  whole,  that 
each  thread  can  no  longer  be  distinguished,  and  the  cloth 
forms  a  solid  and  compact  piece.  Now,  as  most  woollen 
cloths  are  intended  for  felting,  it  is  necessary  to 
prepare  and  spin  the  yarn  in  such  a  way  as  to  facilitate 
the  operation  ;  and  in  consequence  of  the  shrinking  which 
takes  place  in  the  cloth  owing  to  it,  any  slight  imperfec- 
tions, such  as  unevenness,  are  not  easily  seen. 
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57.  In  "Worsted,  Fibres  lie  Smooth  and  Parallel. — 
In  worsted  fabrics  it  is  different.  They  are  not  as  a  rule 
intended  to  be  felted,  and  therefore  it  is  of  the  highest 
importance  that  the  yarns  of  the  better  sorts  should  be 
level,  smooth,  and  free  from  lumps  of  any  kind,  while 
even  in  the  lower  ones,  such  as  carpet  yarns,  it  is  very 
desirable  to  have  an  even  thread.  To  ensure  this,  and  to 
have  a  smooth  surface  on  the  cloth,  all  the  fibres  of  wool 
must  be  in  the  same  direction  in  the  yam.  That  is  the 
essential  characteristic  of  a  worsted  thread.  If  the  fibres 
are  doubled  up,  crossed,  or  tumbled  about  in  any  way,  it 
is  impossible  to  have  a  really  even  thread.  To  insure 
this  levelness,  it  is  necessary  in  the  finer  yarns  to  remove, 
by  means  of  combing,  all  the  very  short  fibres  and  the 
knots  and  lumps  which  are  inseparable  from  them.  In 
the  coarser  sorts,  such  as  carpet  yams,  where  this  high 
degree  of  excellence  is  not  needed,  and  where  it  is 
necessary  to  have  a  soft  bulky  yarn,  it  is  not  desirable  to 
remove  the  short  fibres  by  combing  ;  but  yet  the  wool  is 
put  thi'ough  certain  processes  to  ensure  that,  as  far  as 
possible,  the  fibres  shall  all  lie  in  one  direction. 

58.  In  Woollen,  Fibres  lie  Roughly  and  Crossed. — 
Comjjare  this  with  a  woollen  thread.  In  it,  instead  of 
lying  smoothly  and  having  a  regular  twist  to  bind  them 
together,  the  fibres  are  crossed  and  doubled  in  every  direc- 
tion. The  thread  is  consequently  rough  and  many  loose 
fibres  are  seen  to  stand  out  from  it.  These  are  of  great 
use  in  assisting  the  felting  of  the  cloth,  as  they  lay  hold 
of  each  other  and  knit  the  different  threads  into  one 
piece.  The  beauty  of  worsted  is  to  have  as  few  of  these 
loose  fibres  as  possible,  and  at  the  same  time  to  have  a 
round  level  thread,  because  the  thread  is  seen  in  the 
woven  fabric.  On  the  other  hand,  as  the  woollen  cloth  is 
generally  intended  to  be  milled,  the  fibres  must  be 
arranged  in  such  a  way  as  to  assist  that  operation  ;  and 
it  is  found  that  when  the  fibres  of  wool  lie  in  all  possible 
directions  in  the  thread,  and  when  many  of  them  stand 
out  from  the  surface  of  it,  their  serrated  edges  are  more 
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Fig.  9.  -Woollen  and  Worsted  Yams  (Threads)  x  50. 

1,  sn's  worsted  made  of  fine  wool ;   2,  sn-skein  woollen  made  of  fine  wool  ; 
worsted  made  of  strong  wool ;  4,  28-skein  woollen  made  of  Cheviot  wool ; 
lustre  worsted. 


3"S 

,  so's 
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exposed  than  when  they  lie  smoothly  stretched  out  in 
straight  lines.  In  other  words,  by  this  rough  arrange- 
ment of  the  fibres  they  get  hold  of  each  other  better,  and 
lap  round  each  other  more  firmly  in  the  felting  ;  because 
as  wool  shrinks  in  the  process,  a  fibre  which  is  wrapped 
round  several  others  will  get  a  firmer  grip  of  them  than 
if  it  is  stretched  out  lying  by  their  side  with  very  little 
twist  in  it. 

59.  Appearance  of  the  two  Yarns. — The  accom- 
panying wood-cut  (Fig.  9)  shows  more  plainly  than  any 
description  could  do  the  difference  in  the  construction  of 
the  two  classes  of  yarn.  Nos.  1,  3,  and  5,  are  worsted ; 
the  first,  being  made  of  short  fine  wool,  cannot  lie  so 
smoothly  as  the  other  two,  because  when  the  fibre  is  short, 
the  waving,  curly  nature  of  the  wool  asserts  itself,  for  there 
is  not  sufficient  resistance  in  the  short  length  to  keep  it 
straight.  In  Nos.  3  and  5  however,  the  wool  is  long, 
perhaps  twelve  inches  or  more,  and  therefore  it  lies 
straighter ;  for  if  the  tendency  to  curl  be  strongest  in 
the  middle  of  any  given  fibre,  it  is  clear  that  if  it  be 
twelve  inches  long  the  resistance  of  six  inches  at  each 
end,  which  are  stretched  out  and  twisted  round  other 
fibres,  has  to  be  overcome  before  the  curl  can  commence. 
It  is  simply  a  question  of  the  strength  of  the  tendency 
to  curl  contending  against  the  friction  which  the  fibres 
exert  on  each  other  after  they  have  been  stretched  out 
side  by  side.  In  long  wool  the  friction  is  the  stronger 
force  and  the  fibres  lie  straight.  In  short  wool  the 
tendency  to  curl  is  stronger,  and  the  reverse  is  the  case. 
This  is  the  chief  reason  why  short  rather  than  long  wool 
is  suitable  for  woollen  yarn.  This  will  further  be  seen 
from  Nos.  2  and  4,  in  which  no  attempt  has  been  made 
to  straighten  the  fibres,  but  every  chance  has  been  given 
to  them  to  take  advantage  of  their  natural  characteristics, 
and  they  are  so  arranged  as  to  be  able  to  felt  with  each 
other  with  the  greatest  facility. 

60.  Processes  designed  to  assist  these  characteris- 
tics :  Worsted. — A  few  words  as  to  the  processes  which 
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the  wool  goes  through  before  spinning  will  show  how 
everything  is  done  to  encourage  the  main  characteristic  of 
each  yarn.  Take,  then,  the  three  classes  of  worsted  yarn 
already  mentioned.  The  first,  made  of  long  combed  wool, 
is  being  straightened  in  every  process  after  it  leaves  the 
dryer.  Before  combing,  it  passes  through  a  number  of 
"  gill  boxes,"  which  will  be  described  later  on,  but  the 
eftect  of  which  is  to  separate  all  the  fibres  from  each 
other  and  to  lay  them  parallel  side  by  side.  The  wool 
is  being  continually  combed  through  rows  of  steel  pins, 
or  drawn  through  them  by  means  of  revolving  rollers. 
Then  it  is  combed  to  separate  the  long  wool  or  "  top  " 
from  the  very  short  or  "  noil,"  an  operation  which  in 
itself  stretches  the  fibre  so  much  as  to  destroy  a  good 
deal  of  its  curl.  After  combing,  the  top  requires  to  be 
drawn  out  to  a  small  thread  to  make  it  ready  for  spin- 
ning, and  it  is  passed  through  a  number  of  machines  and 
wound  on  to  bobbins,  each  time  with  the  fibres  in  a  state 
of  considerable  tension,  until  at  length  the  inclination  to 
curl  is  nearly  destroyed.  With  the  second  class  of 
worsted  yarn — viz.,  that  made  of  short  wool.  Botany  and 
other  similar  sorts — the  same  preparation  before  comb- 
ing is  not  possible,  the  staples  of  the  wool  being  too 
slidrt  to  be  caught  and  opened  in  this  way.  It  is  there- 
fore carded,  which  may  tend  to  increase  the  curl,  and  it 
is  only  after  that  operation  that  it  is  straightened  by 
combing  and  drawing  in  the  same  way  as  the  long  wool. 
Carpet  yarn,  the  third  class  of  worsted,  gets  even  less 
straightened  than  Botany,  for  as  it  is  desirable  to  retain 
all  the  short  wool  in  it,  it  is  merely  carded  and  not 
combed ;  but  still  after  the  carding,  it  is  passed  through  a 
number  of  gill  boxes  and  all  the  drawing  machinery,  and 
thus  to  a  very  considerable  extent  the  fibres  are  made 
to  lie  straight.  For  be  it  observed,  the  rollers  which 
draw  out  the  wool  always  get  hold  of  each  fibre  by  one 
end  and  so  pull  it  straight,  and  thus  help  to  make  the 
yam  level. 

61.  Process  for  Woollen. — The  treatment  for  woollen 
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yarn  is  exactly  the  reverse  of  this.  The  wool  is 
carded  and  never  straightened  afterwards.  It  probably 
goes  through  two  carding-machines  and  a  condenser — a 
machine  which,  instead  of  delivering  the  wool  in  one 
thick  "  sliver  "  or  ribbon,  passes  it  out  in  thirty  or  forty 
thin  ribbons  about  an  eighth  of  an  inch  in  diameter, 
which  are  wound  on  to  the  rollers  and  taken  to  the  spin- 
ning-mule. The  first  card  often  automatically  feeds 
the  second,  and  the  second  feeds  the  condenser ;  but 
whether  this  be  so  or  not,  the  feeding  is  generally  so 
arranged,  that  the  sliver  from  the  first  and  second,  in- 
stead of  going  lengthways  into  the  second  and  third, 
goes  in  sideways,  and  thus  everything  is  done  to  prevent 
the  fibres  from  being  drawn  out  straight,  and  as  they  are 
then  taken  directly  to  be  spun,  they  remain  curly,  as 
shown  in  Fig.  9,  Nos.  2  and  4. 

62.  Definitions  of  Worsted  and  Woollen  Threads. — 
From  what  has  been  said  it  will  be  clear  that  any  defini- 
tion of  worsted  and  woollen  yarns  cannot  depend  on  the 
machinery  by  which  they  are  made,  nor  on  the  use  to 
which  they  may  be  put  after  they  are  spun.  Neither 
can  it  refer  to  the  length  or  quality  of  the  wooL  The 
definitions  must  depend  entirely  upon  the  characteristics 
of  the  yarn,  as  seen  in  the  arrangement  of  the  fibres.  A 
worsted  yarn,  therefore,  may  be  defined  as  a  thread  spun 
from  wool  in  which  the  fibres  are  arranged  so  as  to  lie 
smoothly  in  the  direction  of  the  thread  and  parallel  to 
each  other.  The  fact  that  this  smoothness  is  not  always 
obtained  does  not  invalidate  the  definition,  but  simply 
shows  either  the  refractory  nature  of  the  wool,  or  the 
imperfection  of  the  machinery  or  workmanship.  The 
definition  remains  correct,  and  the  more  nearly  worsted 
yam  approaches  to  perfection,  tlie  more  nearly  does  it 
approximate  to  the  above  definition.  A  woollen  yarn, 
on  the  other  hand,  is  a  thread  spun  from  wool  in  which 
the  fibres  are  arranged  so  as  to  lie  in  every  direction,  and  to 
cross  and  overlap  each  other  in  such  a  way  that  they  may 
present  their  serrated  surfaces  in  the  greatest  variety  of 
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ways.  This  ci'ossing  and  overlapping  of  fibres  is  the 
characteristic  of  woollen  yarn ;  and  whatever  change 
there  may  be  in  the  machinery  by  which  wool  is  spun, 
the  object  of  the  woollen-spinner  will  always  be  to  have 
yam  in  which  the  serrated  surfaces  of  the  fibres  will 
present  themselves  in  every  direction,  while  the  object 
of  the  worsted-spinner  will  be  to  have  a  smooth  and 
level  thread. 


CHAPTER  Y. 

PREPARING   AND    CARDING    FOR   COMBINO. 

63.  Different  Treatment  for  different  Yams. — It  is 
now  necessaiy  to  examine  the  methods  by  which  yam  is 
made,  and  see  how  each  process  tends  to  produce  the 
particular  result  which  is  desired.  In  the  washing  and 
drying  of  the  wool  there  is  no  difference  in  principle, 
whether  that  wool  is  to  be  spun  to  worsted  or  woollen 
yarn,  though  there  may  be  modifications  in  the  processes 
according  as  the  wool  used  is  long  or  short ;  but  when  it 
is  remembered  that  precisely  the  same  class  of  wool  can 
be  used  for  both  sorts  of  yarn,  and  that  no  distinction 
need  be  made  till  after  the  wool  has  gone  through  these 
processes,  it  is  clear  that  the  different  result  will  depend 
on  the  treatment  which  the  wool  receives  from  the 
various  machines  through  which  it  passes.  We  must, 
therefore,  divide  our  subject,  and  will  take  the  prepara- 
tion and  spinning  of  worsted  first. 

64.  Subdivision  of  Processes  for  Worsted. — At  the 
very  outset  we  have  to  make  at  least  three  subdivisions, 
depending  jointly  on  the  quality  and  length  of  the  wool 
and  the  purpose  for  which  the  yarn  has  to  be  used. 
These  subdivisions  only  exist,  however,  up  to  the  process 
of  spinning,  for  here  they  can,  to  a  certain  extent,  be 
re-united.  We  have  already  indicated  in  the  last  chapter 
what  these  are,  but  they  must  now  be  considered  more 
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fully.  They  are  (1)  long  wool  which  is  prepared  and 
combed ;  (2)  shoi-t  wool  which  is  carded  and  combed ; 
(3)  wool  of  any  length,  but  rarely  very  long,  which  is 
carded  only.  Into  one  of  these  all  worsted  yarns  may 
be  divided;  yet  strange  to  say,  when  the  yarn  is  spun  it 
is  often  quite  impossible  to  tell  by  which  process  it  has 
been  made. 

65.  Preparing  by  Gill  Boxes. — We  will  take  first  that 
wool  which  is  prepared  and  combed.  It  includes  nearly 
all  British  and  Irish  wool,  the  longer  sorts  of  cross-bred 
Australian  and  New  Zealand,  and  generally  all  wools 
which  are  to  be  combed,  and  which  average  five  inches 
and  more  in  length.  It  will  be  at  once  plain  that  above 
all  things  care  must  be  taken  not  to  break  the  wool  nioie 
than  can  be  helped,  because  as  it  is  to  be  spun  into 
worsted,  with  all  the  fibres  lying  stretched  out  side  by 
side,  the  longer  they  are,  the  stronger  will  be  the  thread 
for  any  given  twist,  and  the  less  twist  will  it  be  necessary 
to  put  in  to  make  the  thread  hold  together.  In  other 
words,  the  longer  the  fibres  remain  the  better  will  be  the 
spin.  If  this  wool  were  carded,  very  many  fibres  would 
be  broken,  because  when  the  wires  on  one  roller  caught 
one  end  of  a  fibre  before  the  wires  on  another  were  ready 
to  give  up  the  rest  of  that  fibre,  the  result  would  be  that 
each  roller  would  carry  off  half.  With  short  wool  this 
is  not  so,  because  by  reason  of  their  shortness  the  fibres 
do  not  cling  to  the  wire  rollers  to  the  same  extent,  and 
so  escape  breakage.  The  method  of  preparing  the  wool 
for  combing  by  means  of  screw  gill  boxes  has  therefore 
been  invented.  Tlie  principle  of  all  these  is  the  same. 
A  pair  of  back  rollers,  b,  as  shown  in  Fig.  10,  draw 
in  the  wool  slowly  at  one  side,  and  deliver  it  at  the 
other  side  to  rows  of  steel  pins,  fixed  in  steel  bars,  called 
fallers,  which  travel  forwards  by  means  of  two  screws 
between  the  threads  of  which  they  run.  When  the 
fallers  come  to  the  end  of  the  screws  they  drop  down  on 
to  another  pair  of  screws  which  turn  the  reverse  way,  and 
so  carry  the  fallers  back  again  underneath  their  previous 
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course.  Arrived  at  the  end  of  these,  they  are  lifted  up 
by  means  of  cams  fixed  in  the  ends  of  the  screws,  and 
are  again  received  at  the  beginning  of  the  first  pair  of 
screws,  and  so  recommence  their  forward  journey.  As 
the  wool  is  delivered  by  the  back  rollers,  the  pins  of  the 
fallers  rising  up,  pierce  it,  and  travelling  forward,  bear  it 
on  till  they  come  to  the  end  of  the  screw,  a  distance 
which  depends  on  the  size  of  the  box  and  the  position  it 
holds  in  the  set  of  machines.  Here  it  is  taken  hold  of 
by  another  pair  of  rollers,  C,  running  at  a  much  greater 
speed,  and  drawn  quickly  out  into  a  comparatively  thin 
ribbon.  Thus,  in  brief,  a  gill  box  consists  of  a  paii  of 
back  rollers  revolving  slowly,  a  pair  of  front  rollers 
revolving  quickly,  and  a  set  of  fallers  carrying  the  wool 
forwards  from  the  foi-mer  to  the  latter. 

G6.  Principle  of  First  Gill  Box.— Fig.  10  re- 
presents the  first  of  a  set  of  these  gill  boxes — five 
or  six  make  a  set,  decreasing  in  size  and  strength  as 
they  advance.  As  the  object  of  these  macliines  is  to 
straighten  and  separate  the  fibres  of  the  wool  preparatory 
to  combing  it,  it  is  very  desirable  that  they  should  enter 
the  first  box  as  straight  as  possible,  for  if  they  pass 
between  the  back  rollers  B,  sideways  or  curved,  the 
faller  pins,  rising  up  and  travelling  away  from  the  rollers, 
are  sure  to  break  a  good  many.  The  only  way  yet  dis- 
covered of  effecting  this  is  to  have  them  straightened  by 
hand,  and  therefore  one  or  two  men,  called  "  makers-up," 
are  employed  for  each  box  to  keep  drawing  the  wool 
through  their  hands,  making  it  into  a  kind  of  "  lap,"  with 
the  fibres  as  much  one  way  as  possible,  and  then  to  lay 
it  in  between  two  leather  or  cloth  travelling  aprons,  one 
of  which  travels  round  the  projecting  plate  A,  on  which 
the  wool  is  laid,  and  the  other  round  the  little  roller  b', 
and  the  top  back  roller  B  lower  down.  These  converge 
just  behind  the  back  rollers,  and  feed  the  wool  into  them. 
There  is  probably  no  part  of  the  entire  business  of 
worsted-spinning  more  neglected  than  this,  nor  is  there 
one  which  is  really  more  important,  for  with  bad  making 
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up  more  wool  is  broken  in  tlie  first  box  than  in  all  the 
others,  because  the  wool  is  there  more  matted  and 
irregular,  and  every  broken  fibre  reduces  the  value  of 
the  combed  wool  or  "  top  "  if  it  remain  in  it,  or  decreases 
its  quantity  by  adding  to  the  "  noil "  or  short  wool, 
which  is  taken  out.  Too  often  broken-down  men  are 
employed,  one  to  each  box,  who  do  their  work  in  the 
most  careless  way,  unless  closely  supervised  by  the 
overlooker.  It  cannot  be  too  strongly  impressed  on 
both  the  worsted -spinner  and  his  workmen  that 
nothing  costs  him  so  much  as  wool,  and  that  he  may 
soon  lose  in  destroyed  wool  as  much  as  will  pay 
for  the  wages  of  better  workers,  or  the  price  of  new 
machines.  The  master  should  therefore  insist  on 
his  "  making  up "  being  done  thoroughly  and  with 
care.  In  no  case,  however,  can  all  the  fibres  be  really 
straightened  at  this  stage ;  and  therefore,  as  soon  as  the 
wool  passes  through  the  back  rollers  its  first  danger 
awaits  it  in  the  shape  of  the  fallers.  Now  if  these 
travel  slower  than  the  circumference  of  the  bottom  back 
roller  revolves,  it  is  plain  that  the  wool  will  be  delivered 
more  quickly  than  the  fallers  can  carry  it  away.  If  they 
travel  exactly  at  the  same  speed  there  will  be  no  accumu- 
lation of  wool,  but  it  will  have  a  tendency  to  lie  on 
the  top  of  the  pins  instead  of  being  pierced  by  them,  and 
thus  it  will  not  be  properly  drawn  through  them  when 
it  reaches  the  front  rollers ;  or  if  by  means  of  a  brush,  or 
any  such  contrivance,  the  wool  is  pressed  into  the  fallers 
properly,  the  swiftly-revolving  front  rollers  will  draw  it 
through  the  pins  before  it  has  had  any  better  opening 
and  straightening  than  the  "maker -up"  has  given  it, 
which  means  that  the  fibres  would  be  dragged  violently 
against  the  pins,  and  broken.  But  again,  if  the  fallers 
travel  faster  than  the  back  rollers,  they  will  break  the 
wool  by  dragging  it  away  from  the  rollers  more  quickly 
than  it  is  being  delivered.  It  should  be  stated  here  that 
in  all  cases  it  is  the  speed  and  circumference  of  the 
bottom   rollers   that   must   be   taken,  because  in  every 
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machine  in  every  process  it  is  the  bottom  roller  which 
is  driven  by  the  wheel.  The  top  roller  is  always  driven 
merely  by  the  friction  of  the  bottom  one,  and  is  pressed 
upon  it  by  weights  or  screws,  which  are  tightened  down. 
Of  course  they  must  revolve  at  the  same  speed,  or  the 
wool  would  be  ground  to  pieces  between  them.  If  the 
friction  is  great  enough  they  will  always  run  together. 
It  appears,  therefore,  that  there  is  only  a  choice  of  evils 
in  the  speed  at  which  the  fallers  travel ;  and  experience 
shows  that  the  last  of  these  is  the  least ;  and  is,  indeed, 
the  only  practicable  method  of  working;  therefore  the 
fallers  are  made  to  travel  faster  than  the  rollers,  while 
the  evils  are  diminished  in  various  ways.  The  back 
rollers  can  be  drawn  away  from  the  fallers,  so  as  to  allow 
a  few  inches  of  wool  to  come  through  before  it  is  drawn 
by  the  fallers ;  the  pins  of  the  fallers  are  set  wide  apai't, 
about  four  per  inch,  and  as  the  fallers  themselves  are 
1^  inch  across,  the  total  number  of  pins  is  not 
great.  The  difference  of  speed  between  the  fallers  and 
the  rollers  is  not  very  great,  so  that  the  breakage  of 
wool  is  here  reduced  as  much  as  possible,  considering 
the  machinery.  But  a  fresh  difficulty  now  meets  us, 
namely,  that  in  proportion  as  we  decrease  the  risk  of 
breaking  the  wool  by  not  drawing  it  out  as  it  leaves  the 
back  rollers,  so  we  increase  it  when  we  get  to  the  front 
rollers,  by  these  having  to  draw  the  wool  quickly  through 
the  pins  without  the  fibres  being  previously  opened. 

67.  Clough's  Gill  Box. — This  difficulty  has  been  sur- 
mounted by  Mr.  John  Clough,  of  Keighley,  one  of  the 
chief  spinners  in  the  trade,  who  has  patented  a  gill 
box,  of  which  a  portion  of  the  drawings  is  shown  in 
Figs.  11  and  12.  The  principle  of  the  box  is  to  have  two 
sets  of  screws  and  two  sets  of  fallers,  the  set  nearest  the 
back  rollers  working  slowly,  and  the  set  nearest  the 
front  ones  working  faster.  By  this  means  the  back 
fallers  draft  the  wool  very  slightly  from  the  back 
rollers,  a  draft  of  two  being  enough ;  the  front  fallers 
run  about  three  times  as  fast  as  the  back  ones,  thereby 
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making  a  draft  of  three  between  the  two  sets  of  fallers, 
or  a  total  draft  of  six  from  the  front  fallers  to  the 
back  roller.     The  front  rollers  run  at  the  usual  speed,  say 
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3^  times  as  fast  as  the  front  fallers,  giving  thus  a  draft 
of  3^  between  them,  which  is  equal  to  10|  of  a  draft 
between  the  front  roller  and  back  fallers,  and  21  of  a 
draft  in  the  entire  box.  There  are  thus  three  separate 
drafts  in  the  box,  and  the  total  is  obtained  by  multiplying 
these  together.     The  leading  idea  of  the  machine  is,  that 
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wlien  the  quickly-running  front  fallers  seize  the  wool,  it 
is  no  longer  held  firmly  by  the  back  rollers,  but  is  spread 
out  and  slightly  opened  in  the  back  fallers,  and  therefore 
can  be  drawn  through  the  pins  of  these  latter  with  much 
less  risk  of  breaking.  It  is  recommended  that  the  first 
three  boxes  of  each  set  should  be  made  on  this  principle, 
for  the  saving  in  the  wool  is  so  great  as  very  soon  to  pay 
for  the  cost  of  the  machines. 

68.  Diagram  of  Clough's  Gill  Box.  — Fig.  11 
gives  a  sectional  view  of  one  side  of  the  box,  Fig. 
12  a  flat  plan  of  both  sides,  as  seen  from  above.  The 
back  rollers  are  B  B,  the  front  ones  c  C ;  the  back  screws 
O  o,  the  front  screws  E  E.  As  the  wool  passes  through  B  B, 
it  is  caught  by  the  fallers  travelling  in  the  top  screw,  o, 
which  carry  it  along  till  they  reach  the  end  of  the  screw, 
then  they  drop  down  and  return  to  the  lower  screw,  o. 
The  second  set  of  fallers  in  e  cany  on  the  wool,  draw- 
ing it  out  from  the  back  fallers,  and  so  on  to  the 
front  rollers  c  C,  and  then  it  goes  down  between  the 
two  aprons  H  H.  The  two  sets  of  screws  are  driven  one 
from  each  end  of  the  box,  the  present  method  of  doing 
this,  by  means  of  ordinary  bevelled  wheels,  both  at  the 
front  and  the  back  of  the  box,  being  the  arrangement  of 
Mr.  Prince  Smith,  sen.,  by  whose  firm  of  Prince  Smith 
&  Sons,  of  Keighley,  the  boxes  are  made.  The  other 
most  noteworthy  feature,  and  part  of  the  patent,  is  that 
the  ends  of  the  back  and  front  screws  can  be  brought 
close  together,  and  a  thin  plate  of  steel,  K  k,  which  serves 
as  a  conductor  to  guide  the  back  fallers  down,  and 
the  front  fallers  up,  also  prevents  the  two  sets  from 
running  into  each  other.  The  idea  of  this  is  due  to 
Mr.  Kelly,  who  patented  it.  The  improvement  efiected 
by  this  machine  is  so  great  that  it  deserves  to  rank  among 
the  leading  inventions  in  the  worsted  trade. 

69.  Set  of  Gill  Boxes.--We  have  dealt  with  the  first 
gill  box  at  considerable  length  because  it  is  the  most  im- 
portant, and  because  the  description  of  it  contains  the 
principle  on  which  every  gill  box  Avorks ;  and  this  once 
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understood,  no  further  explanation  at  other  stages  will 
be  needed.  As  has  been  already  stated,  a  set  of  pre- 
paring-boxes  consists  of  five  or  six  in  number.  The 
second  box  is  similar  to  the  first,  and  it  is  recom- 
mended that  for  it,  and  also  for  the  third,  Clough's 
method  should  be  used.  They  are  not,  however,  so 
necessary  here  as  in  the  first,  for  the  reason  that  the  wool 
has  been  very  much  straightened  by  the  first  operation, 
and  the  fallers  of  the  second  box,  in  leaving  the  back 
rollers,  can  therefore  be  drawn  through  the  wool  with 
much  less  risk  of  breaking  it.  Still,  anyone  who  wishes  to 
be  careful  will  do  well  to  have  a  set  of  three.  The  lap, 
which  is  made  in  front  of  the  first  box,  is  put  up  at  the 
back  of  the  second,  and  drawn  through  the  rollers,  while 
the  front  rollers  again  draw  it  out  and  make  it  into 
another  lap,  with  the  fibres  straighter  than  before.  This 
lap  in  its  turn  is  put  up  at  the  back  of  the  third  box, 
and  is  treated  in  the  same  way.  When  it  has  passed 
through  the  front  rollers  of  the  third  box,  it  is  no  longer 
allowed  to  form  a  lap,  but  is  gathered  together  and  made 
into  a  ribbon  or  sliver,  by  being  passed  through  a 
rovmd  or  oval  hole  in  a  piece  of  brass  or  steel,  and  then 
drawn  down  by  a  pair  of  smooth  press  rollers,  which  pass 
it  into  a  deep  tin  can  that  stands  undei'neath  them.  The 
dimensions  of  these  cans  are  from  thirty  to  thirty-six 
inches  deep,  and  from  ten  to  twelve  inches  in  diameter. 

70.  Levelling  the  Slivers. — About  six  of  these  cans 
are  put  at  the  back  of  the  fourth  box,  and  drawn  out  by 
it  into  one  sliver,  generally  rather  thinner  than  any 
single  one  of  the  six  which  were  put  up  ;  thus,  if  six  ends 
are  put  up,  the  draft  of  the  box  would  be  about  eight ; 
that  is  to  say,  for  every  foot  of  sliver  that  goes  in  at  the 
back  of  the  box,  eight  feet  will  come  out  at  the  front, 
and  therefore  the  sliver  at  the  front  will  be  just  one-eighth 
the  thickness  of  the  combined  slivers  which  went  in  at  the 
back.  Here  we  first  clearly  get  the  idea  of  levelling  as 
well  as  straightening.  Really  the  levelling  has  taken 
place  in  the  previous  boxes  also,  because  if  the  length  of 
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the  lap,  or  the  circumferenoe  of  the  apron  on  which  it  is 
made,  be,  say,  four  feet,  and  if  the  apron  revolves  thirty- 
times  before  a  thick  enough  lap  is  made^  it  is  clear  that 
thirty  thin  layers  of  wool  have  been  put  together ;  and 
so,  to  some  extent,  levelling  has  taken  place  in  a  rude 
way.  As  it  only  begins  to  be  done  systematically  at 
the  fourth  box,  we  need  only  consider  it  from  there. 
From  the  front  of  the  fourth  box  six  cans  are  taken  and 
put  up  at  the  back  of  the  fifth,  and  the  same  number  will 
be  taken  from  the  fifth  and  put  up  to  the  sixth,  if  a  sixth 
be  used.  The  doublings  which  in  these  three  boxes  the 
wool  has  obtained  are,  6x6x6  =  216,  and  these,  com- 
bined with  a  levelling  in  the  first  three  boxes,  make  a 
comparatively  level  sliver.  If  the  work  has  been  well 
done,  the  fibres  will  have  been  well  opened,  and  most  of 
the  large  lumps  and  knots  of  wool  separated  and 
smoothed,  though  there  will  still  be  a  vast  number  which 
only  the  comb  can  remove. 

71.  Method  of  Oiling. — If  any  oil  is  to  be  put  on 
the  wool,  the  back  of  the  fourth  box  is  a  very  convenient 
place  for  the  process,  for  in  the  first  three  boxes  much 
dust  can  be  shaken  out  of  the  wool  when  it  is  unoiled. 
Some  persons  oil  the  wool  on  the  dryer  by  sprinkling  the 
oil  over  the  wool  by  means  of  a  watering-can ;  this 
method  makes  the  quantity  uncertain,  as  the  dryer  may 
not  always  be  equally  covered,  and  it  is  also  an  untidy 
and  rude  way.  The  best  method  is  to  have  a  trough  full 
of  oil  fastened  over  the  slivers  as  they  pass  under  the 
back  rollers  of  the  fourth  box.  In  it  is  a  revolving 
cylinder,  the  lower  half  of  which  runs  in  the  oil,  and  lean- 
ing against  its  upper  half  is  a  number  of  tin  gutters  or 
small  troughs  which  have  their  higher  ends  against  the 
cylinder  and  their  lower  ends  projecting  over  the  slivers. 
As  the  cylinder  revolves  it  carries  up  the  oil  on  its 
surface,  scrapes  against  the  upper  ends  of  the  gutters  or 
small  troughs  and  pours  down  them  very  tiny  streams  of 
oil  which,  drop  by  drop,  fall  on  to  the  slivers  as  they 
pass  under  the  rollers.     The  number  of  these  gutters  can 
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be  increased  or  diminished  according  to  the  weight  of 
wool  passing  through,  or  the  quantity  of  oil  which  it  is 
desired  to  use ;  and  so  long  as  the  large  trough  is  always 
kept  about  a  uniform  fulness,  the  quantity  of  oil  put  on  the 
wool  will  never  vary.  As  the  slivers  are  doubled  216 
times  in  the  three  boxes,  the  oil  gets  well  spread  over  it 
all.  The  advantage  of  this  method  over  a  circular  brush 
scattering  oil  spray  is  that  the  quantity  put  on  can  be 
varied  at  once  by  the  number  of  gutters  set  to  work  or 
taken  out.  In  case  the  wool  has  become  too  dry,  water 
can  be  put  on  in  the  same  way  as  oil  at  one  of  the  other 
boxes.  Wool  can  be  combed  better  when  it  is  not  very 
dry,  for  the  little  knots  can  then  be  more  easily  kept  out  of 
the  "  top  ;  "  but  if  it  is  too  wet,  the  "  noil  "  will  be  made 
larger  as  more  short  wool  will  t«nd  to  remain  in  it. 
Only  experience  can  teach  the  overlookers  the  proper 
amount  of  moisture  to  have  in  the  various  sorts  of  wool. 
For  long  lustre  wool  about  three  pints  of  oil  per  pack 
(240  lbs.)  are  enough.  For  shorter  English  and  Irish,  five 
pints  may  be  used.  For  strong  low  wools  much  more  is 
needed  to  produce  the  same  eft'ect.  Where  the  wool  is 
not  to  be  spun  out  to  its  fullest  extent  it  is  often  better 
to  use  no  oil  at  all. 

72.  Special  Points  needing  Care. — Before  leaving 
the  subject  of  preparing,  it  will  be  well  to  direct  attention 
to  a  number  of  points  Avhich  require  care.  The  first  of 
these  is  the  distance  of  the  back  rollers  from  the  fallers. 
Where  long  wool  or  wool  that  is  matted  is  used,  the 
rollers  should  be  far  back  to  give  as  much  freedom  as 
possible  to  the  fibres  before  they  are  caught  by  the  pins. 
With  short  wool,  especially  if  it  be  skin  wool,  the  rollers 
should  be  closed  up,  as  otherwise  the  wool  will  offer  no 
resistance  to  the  fallers  as  they  rise,  and  will  simply 
travel  forward  on  the  top  of  them.  This  requires  atten- 
tion in  every  box  ;  the  best  test  is  to  feel  the  wool  with 
the  points  of  the  fingers.  If  it  is  evidently  stretched 
very  tight,  the  rollers  should  be  put  back ;  if  it  is  too 
slack  and  not  getting  into  the  fallers,  they  should  come 
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foi'ward.  The  hars  of  iron,  called  saddles,  on  which  the 
fallcrs  rest  while  they  travel  to  and  fro,  need  frequent  at- 
tention as  they  are  apt  to  wear  short.  They  should  be 
long  enough  to  let  the  fallers  drop  and  rise  perpendicu- 
larly without  any  slanting  motion.  To  ensure  this,  the 
saddle  ends  should  be  straight  with  just  the  comers 
slightly  rounded  off.  and  they  should  be  case-hardened  to 
make  them  last  well.  Much  trouble  is  often  caused  by 
fallers  "  locking  fast "  and  getting  across  each  other  and 
so  being  strained,  which  is  due  to  the  saddles  being  too 
short.  At  the  ends  of  the  saddles  are  conductors.  They 
press  against  the  ends  of  the  saddles,  and  are  kept  firm 
by  springs  pi'essed  against  them.  As  the  fallers  fall 
and  rise  they  press  the  conductors  away  from  the  saddles, 
and  thus  glide  smoothly  down  and  up  withoiit  any 
shaking.  These  conductors  must  be  tight  enough  to  keep 
the  fallers  firm,  but  not  so  tight  as  to  hinder  their  easy 
working. 

73.  Fallers. — Fallers  can  be  made  either  by  boring 
holes  direct  into  the  steel  bar  and  driving  the  pins 
through  them,  or  by  driving  the  pins  through  brass 
plates  and  riveting  these  plates  on  to  the  steel  bars.  The 
former  is  much  the  better  way  wherever  the  pins  are  coarse 
enough  and  far  enough  apart  to  allow  it,  as  the  faller  can 
be  made  stronger;  it  avoids  the  trouble  of  the  brass 
plate  coming  loose  ;  also  if  any  of  the  pins  are  broken  they 
can  be  at  once  knocked  out  and  new  ones  put  in,  the 
re])air  not  taking  more  than  a  minute  ;  while  if  rivets 
had  to  be  knocked  off"  and  put  on  again,  the  labour  would 
be  considerable.  For  average  English  wool  the  number 
of  pins  per  lineal  inch  in  the  fallers  of  the  first  box 
should  be  about  3|  to  4,  in  the  second  4^,  in  the  third 
6,  and  in  the  fourth,  fifth  and  sixth  8  per  inch.  In  the 
first  three  boxes  there  are  two  rows  of  pins  on  each 
faller.  In  the  last  three  there  may  be  single  or  double 
rows.  Some  pins  are  round,  others  are  flat.  The  latter, 
though  more  costly  are  better,  for  they  are  stronger  to 
resist   bending,  and  can  be  set  nearer  tosrether.     It  is 
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surprising  how  quickly  faller  pins  wear  out  and  break, 
but  it  is  of  great  importance  that  they  should  be  kept  in 
good  repair.  They  either  snap  off  in  the  middle,  get  the 
points  bent,  or  split  at  the  point.  This  last  is,  perhaps, 
the  worst  fault,  and  is  caused  by  the  fibres  of  wool 
always  resisting  the  rise  of  the  fallers,  till  every  pin-point 
gets  a  nick  or  split  in  it.  Then  the  wool  rides  on  the  top  of 
the  pins,  and  when  the  front  rollers  come  to  draw  it  out, 
it  breaks,  being  held  by  the  roughness  of  the  pins.  Such 
fallers  should  at  once  have  new  pins  put  in  them. 

74.  Draft  of  Gill  Boxes. — We  now  come  to  the 
somewhat  puzzling  subject  of  the  "  draft  "  of  preparing- 
boxes.  The  "  draft "  may  be  defined  as  the  difference  in 
speed  between  the  front  rollers  and  the  back  rollers  ;  or  as 
the  difference  between  the  length  of  the  material  which 
comes  out  of  a  machine,  arid  that  which  goes  into  it.  Thus, 
if  one  yard  of  sliver  goes  in  at  the  back  rollers,  and  in  the 
same  length  of  time  ten  yards  come  out  of  the  front 
rollers,  the  draft  of  the  machine  is  ten,  for  one  yard  is 
drawn  out  or  drafted  into  ten.  A  gill  box,  however,  has 
two  drafts,  the  draft"  between  the  fallers  and  the  back 
rollers  and  that  between  the  front  rollers  and  the  fallers. 
There  is  also,  of  course,  the  draft  of  the  whole  box 
between  the  front  rollers  and  the  back  rollers,  which  is 
made  of  the  other  two  multiplied  together ;  but  it  is  not 
enough  to  know  this,  because  it  might  be  right  in  the 
total,  and  yet  wrong  in  its  component  parts — one,  perhaps, 
being  too  great,  and  the  other  too  small.  There  are 
very  few  overlookers  who  know  how  to  take  these  drafts, 
as  they  find  guess-work  more  simple.  Let  us  take  the 
draft  of  the  second  box,  assuming  it  to  be  one  of  the 
usual  make,  and  not  Clough's  patent.  It  is  first  necessary 
to  divide  all  wheels  into  two  categories,  "  drivers "  and 
"  drivens  "  as  they  are  called,  according  to  the  effect  they 
have  on  the  speed  of  the  part  of  the  machine  thoy  work 
when  they  are  increased  or  diminished  in  size,  i.e.,  in 
teeth  if  they  be  toothed  wheels,  in  circumference  if  they 
be  plain  wheels  or  rollers.     Thus,  for  example :   given 
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any  speed  of  a  shaft,  if  a  drum  on  it  be  increased  in 
size,  whatever  it  drives  will  go  faster.  But  if  it  drives 
a  pulley  on  a  preparing-box,  then  if  that  pulley  be  in- 
creased in  size,  it  will  run  slower,  and  the  box,  of  course, 
will  run  slower  too.  The  drum  is  called  a  "  driver,"  for 
more  size  gives  more  speed  to  what  it  drives.  The  pulley 
on  the  box  is  called  a  "  driven,"  for  more  size  makes  it 
go  slower,  and  makes  whatever  follows  it  go  slower  too. 
So  with  all  the  wheels  in  every  machine,  except  certain 
ones  which  for  every  tooth  they  are  moved  simply  move 
the  next  wheel  one  tooth  also.  These  merely  transmit 
motion  without  affecting  speed,  and  are  called  inter- 
mediate wheels.  Having  examined  the  box  to  see 
which  wheels  and  rollers  come  under  each  category,  it  is 
necessary  to  multiply  each  together,  divide  the  larger  by 
the  smaller,  when  the  quotient  will  give  the  di-aft.  To  any 
one  watching  the  box  in  motion  this  is  not  difficult.  In  the 
box  we  take  for  an  example,  which  is  the  same  in  prin- 
ciple as  all  other  boxes,  it  will  be  found  that  there  are 
two  back  shafts.  On  the  lower  one  are  the  pulleys, 
driven  from  the  main  shaft,  and  also  the  wheel,  which 
gives  motion  to  the  back  rollers  and  to  the  upper 
back  shaft.  The  upper  back  shaft  drives  the  screws 
by  means  of  bevelled  wheels,  and  the  front  roller  by 
intermediate  wheels.  On  the  former  shaft  is  a  wheel 
with  20  teeth,  driving  the  following  wheels  in  their  order  : 
75,  22,  75,  25,  75,  the  last  being  on  the  end  of  the 
back  roller.  If  the  20,  22,  or  25  were  increased,  it 
would  cause  the  back  roller  to  run  faster,  or  if  the  back 
roller  were  increased,  it  would  have  the  same  effect,  one 
revolution  drawing  in  more  wool.  Such  changes  would 
give  less  draft,  because  more  wool  would  be  drawn  in 
by  the  back  rollers,  while  the  speed  of  the  front  rollers 
was  unaltered.  If  the  three  75  wheels  were  increased, 
the  opposite  would  be  the  effect.  On  the  upper  back  shaft 
we  6nd  a  27  driving  a  70,  with  two  intermediate  wheels 
between  them,  the  70  being  on  the  end  of  the  front 
roller.     If  the  27  be  increased,  it  would  make  the  70 
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and  the  front  roller  go  quicker,  which  is  the  same  in  effect 
as  making  the  back  roller  go  slower.  If  the  front  roller 
be  made  larger  a  similar  result  follows.  These  must 
therefore  be  dassed  as  "  drivens  "  in  this  case,  because  we 
are  going  to  take  the  draft  of  the  whole  box  by  the  speed 
of  the  back  roller.  If  the  70  be  increased,  the  opposite 
is  the  case.  The  two  (back  and  front)  rollers  are  each 
3  inches  in  diameter  or  9.4  circumference.  The  equation 
therefore  stands  : — 

75  X   75   X   75   X  27  X  9.4     _     18225     _ 

20  X  22  X  25  X   70  X  9.4     ~     '  1232     ~  '" 

The  cancelling  and  other  working  are  omitted.  This  is 
the  draft  of  the  entire  box.  We  have  now  to  get  the 
draft  between  the  fallers  and  the  back  rollers.  The 
speed  and  pitch  of  the  screws  have  to  be  taken  hei'e, 
and  the  wheels  driving  the  front  roller  left  out.  The 
bevelled  wheel  driving  the  screws  is  1 8,  and  the  bevelled 
wheel  on  the  screw  end  is  20,  while  the  pitch  of  screw  is, 
in  this  box,  1^  inch.  If  the  18  be  increased,  the  screws 
will  run  faster,  thereby  making  the  fallers  travel  faster 
away  from  the  back  roller,  which  is  equal  to  the  back 
roller  running  slower,  and  if  the  pitch  of  screw  be  in- 
creased, the  same  effect  will  be  found.  If  the  20  wheel 
on  the  screw  end  be  increased,  the  effect  will  be  the 
opposite,  the  screws  going  slower.  We  have  to  find 
first  the  number  of  fallers  which  rise  for  one  revolution 
of  back  roller.     The  equation  is  : — 

75  X  75  X  75  X  18  6075 

2"0  X  22  X  25  X  20"  =     T76     =     34J  faUers  nsrng. 

Multiply  this  by  1^  =  38.8  inches,  which  the  fallers 
travel  for  one  revolution  of  front  roller.  Divide  by  its 
circumference,  9.4,  and  the  answer  is  4.1,  the  draft  be- 
tween the  fallers  and  back  roller. 

75.  Draft  between  Front  Rollers  and   Fallers. — 
From  this  point  there  are  three  ways  of  getting  the  draft 
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between  the  front  rollers  and  the  fallers.  In  the  first  place, 
it  is  the  quotient  of  the  draft  of  the  whole  box  divided  by 
the  draft  between  the  fallers  and  the  back  rollers  : — 

14.7   _ 

"4^1    —   3.58; 

i.e.,  if  one  foot  goes  in  at  the  back  rollers,  the  fallers 
draw  it  out  to  4. 1  feet,  and  the  front  rollex-s  draw  each 
foot  of  this  out  to  3.58  feet,  or  the  total  4.1  feet  out  to 
14.7  feet,  which  is  the  whole  draft  of  the  box.  Again, 
the  draft  of  the  whole  box  multiplied  by  the  circum- 
ference of  the  front  roller,  and  divided  by  the  number  of 
inches  which  the  fallers  travel  for  one  revolution  of  the 
back  roller  gives  the  answer  : — 

14.7  X  9.4 


38.8 


=    3.56. 


The  third  way  is  to  take  the  wheels  which  drive  the 
front  roller,  viz.,  the  27  and  70,  the  circumference  of  the 
front  roller  9. 4  inches,  the  wheels  driving  the  screws,  viz. 
18  ;  the  wheels  on  the  ends  of  the  screws,  viz.,  20,  and 
the  pitch  of  the  screws  1^  inch.  We  have  to  place  to- 
gether all  those  which,  if  enlarged,  have  the  effect  of  in- 
creasing the  speed  of  the  front  roller,  thereby  causing 
more  draft.  These  are  the  27,  the  circumference  of 
roller  9.4,  and  the  20  on  the  screw  end.  If  this  last  be 
enlarged,  the  screws  will  go  slower,  taking  less  wool  to 
the  rollers,  and  therefore  causing  more  draft.  The  70, 
18,  and  pitch  of  screw  are  the  reverse.  The  first,  if  in- 
creased, would  make  the  front  roller  go  slower,  while  the 
last  two,  if  increased,  would  cause  the  fallers  to  travel 
faster,  supplying  more  wool,  and  therefore  causing  less 
draft.  The  equation,  therefore,  is  : — 
20   X  27   X  9.4  56.40    _ 

18  X  70  X     14    =  15.75     ~     ^-^^ 

the  draft  of  the  front  roller.     This  is  the  correct  way  to 
take  the  tlraft,   because   it   can   be   done   without   the 
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trouble  of  first  finding  the  draughts  of  the  other  parts 
of  the  box.  The  two  other  ways  are  given,  however,  to 
show  the  relation  in  which  the  diflerent  parts  stand  to 
each  other.  The  draft  can,  of  course,  be  altered  to  any 
extent,  by  changing  the  27  wheel,  which  is  called 
"  the  change- wheel "  of  the  box.  If  a  larger  wheel  is 
used,  it  gives  more  draft.  It  is  a  noteworthy  point  that 
in  all  the  machines  connected  with  worsted-spinning, 
with  the  exception  of  gill  boxes,  the  change-wheel  is 
so  arranged  that  a  larger  wheel  gives  less  draft.  As 
it  is  termed,  "  more  gives  less."  But  in  gill  boxes  the 
reverse  is  the  case,  and  "  more  gives  more."  As  will  be 
seen  again  later  on,  the  reason  of  this  is  simply  that  the 
change-wheel  of  a  gill  box  acts  directly  on  the  front 
roller,  and  is  a  "driver."  A  larger  wheel  gives  more  speed 
to  the  front  roller  and  therefore  more  draft.  In  all  other 
machines  the  change-wheel,  also  a  "  driver,"  acts  directly 
on  the  back  roller,  making  the  roller  go  quicker  as  it  is 
itself  increased.  But  where  the  speed  of  the  back  roller 
is  increased  while  the  front  remains  unaltered,  the  draft 
of  the  machine  is  reduced ;  therefore  "  more  gives  less  " 
draft  must  be  remembered  of  spinning-frames  and  other 
similar  machines. 

76.  Suitable  Drafts  for  set  of  Boxes.— The  follow- 
ing is  a  list  of  suitable  drafts  for  a  set  of  five  preparing- 
boxes : — 


I.  Back  roller   6-3 

Front  3-3 

Pitch  of  screw  1} 

II.             „            41 

„       3-5 

H 

III.             „            3-2 

„       4 

1 

IV.             „             1-5 

»       5-7 

V.andVL        „            1-2 

„      6-7 

»                         8 

These  drafts  are  suitable  for  English  skin  and  fleece  wool 
six  or  eight  inches  long.  For  longer  wool  more  draft  is 
needed  in  the  front  rollers,  and  the  whole  can  be  altered 
to  suit  vax-ious  wools.  It  will  be  seen  that  the  back 
draft  steadily  decreases  while  the  front  draft  increases. 
This  is  because  after  each  operation  the  wool  has  been 
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made  straighter  and  more  even,  therefore  there  is  less 
need  to  perform  the  slow  drafting  operation  at  the  back, 
as  the  fallers  would  simply  slip  through  the  wool,  having 
no  particular  effect  on  it.  But  just  because  the  fibres 
are  now  straighter,  the  front  rollers  can  draw  them  with- 
out breaking  through  the  faller  pins,  thus  really  comb- 
ing the  wool,  and  helping  to  make  the  slivers  more  level. 
It  is  well  not  to  have  too  much  front  draft,  as  the 
leathers  on  the  bottom  front  roller  will  then  last  longer, 
and  for  the  same  reason  the  rollers  should  not  be  heavily 
weighted,  as  the  leathers  are  very  apt  to  be  cut  by 
heavy  pressure. 

77.  Preparing  for  Mohair  and  Alpaca. — The  me- 
thod of  preparing  mohair  and  alpaca  is  substantially 
the  same  as  that  for  wool,  but  more  operations  are 
needed.  The  length  of  alpaca  is  one  of  its  difficulties, 
but  otherwise  it  can  be  worked  well  if  not  too  much 
washed.  As  its  lustre  is  its  chief  feature  there  is  a 
great  temptation  to  wash  it  well,  and  even  to  back- wash 
it.  This  latter  operation  increases  its  brightness  very 
much,  but  makes  the  fibres  so  loose  and  wild  that  they 
cannot  be  made  to  lie  together  again  without  excessive 
oil,  which  is  also  an  evil.  Mohair  is  quite  simple  to 
work,  but  it  needs  always  to  be  double-combed  to  take 
out  the  kemps,  which  are  very  numerous.  So  large  has 
the  noil  to  be  made,  that  it  is  often  combed  over  again 
and  a  short  low  top  made  out  of  it. 

78.  Carding  before  Combing.  — We  now  come  to  the 
second  method  of  preparing  wool  for  combing,  viz.,  by 
carding  it.  It  will  not  be  necessary  in  this  place  to 
describe  the  operation  of  carding  at  great  length,  because 
it  will  be  more  fully  treated  under  the  head  of  woollen 
carding.  The  principle  of  the  two  is  alike,  but  there  are 
several  differences  which  must  here  be  noted,  arising 
chieHy  from  the  fact  that  in  one  case  the  wool  is  to  be 
combed  after  carding,  and  that  in  the  other  it  is  taken 
to  the  mule  direct  from  the  condenser  card  ;  but  })artly 
also  from  the  different  length  of  wool  generally  used  in 
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the  two  cases.  If  the  wool  to  be  carded  is  more  than 
about  three  inches  long,  it  is  not  advisable  to  put  it  at 
once  into  the  cards  without  previous  opening,  for  if  the 
first  swift  or  large  cylinder  seizes  it  immediately  it  has 
passed  the  lickers-in,   it  will  run  a  great  risk  of  being 


Fig.  13. 

broken,  and  the  wires  of  the  swift  will  also  suffer  by  the 
wool  being  somewhat  fast  or  matted  together.  There  are 
two  ways  of  obviating  this  evil,  either  by  putting  the 
wool  first  through  a  tenter-hook  willey  to  open  it,  or  by 
having  a  number  of  slowly-revolving  rollers  between  the 
first  licker-in  and  the  swift. 

79.  The  Tenter-Hook  Willey.  —  The  tenter-hook 
willey  (Fig.  13)  has  long  been  in  use,  and  is  in 
principle  a  small  carding  machine,  with  one  swift 
covered  with  steel  teeth,  set  at  intervals  of  a  few  inches, 
and  slightly  hooked.     Small  rollers  revolve  above  it  the 
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reverse  way,  every 
alternate  one  being 
covered  with  similar 
teeth,  and  the  others 
being  merely  wooden 
beaters  to  clear  the 
wool  out  of  the  teeth 
of  the  former.  As 
the  wool  is  fed  into 
the  machine  it  is 
caught  and  carried 
upwards  by  the  swift 
and  passed  between 
it  and  the  small 
rollers.  By  this 
means  any  fast  or 
matted  pieces  are 
opened,  and  the  ■ 
wool  which  is  thrown 
into  a  large  box  or 
small  room  at  the 
other  end  of  the 
machine,  appears  alL 
loose  and  opened. 
This  is  certainly  an 
effectual  way  of 
opening  the  wool, 
and  it  gives  a  con- 
venient opportunity 
for  oiling,  the  oil 
being  sprinkled  over 
it  by  a  circular  re- 
volving brush  as  the 
wool  is  fed  into  the 
willey.  But  it  is  a 
method  which  cannot 
fail  to  break  a  great 
number  of  fibres,  and 
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therefore  is  essentially  faulty,  for  the  great  object  must 
always  be  to  preserve  the  fibres  uninjured. 

80.  Lickers-in  or  Opening-Rollers.  —  The  second 
method  is,  therefore,  the  one  adopted  by  first-rate  carders, 
who  have  a  number  of  strongly-covered  lickers-in  or 
opening-rollers  revolving  slowly  before  the  first  swift,  as 
shown  in  Fig.  14,  and  made  by  Taylor,  Wordsworth 
and  Co.,  of  Leeds.    These  are  either  covered  with  leather 


Fig.  15. 

filleting  with  very  strong  teeth  set  in  it,  or  else  with 
steel  clothing.  The  method  of  making  the  latter  is,  to 
prepare  very  thin  long  bands  of  steel,  and  then  to  cut  out 
two  sides  of  the  teeth  in  them,  as  shown  in  Fig.  15, 
turning  the  teeth  up  at  right  angles  to  the  band  or  fillet, 
and  then  winding  the  fillet  round  the  roller.  These  are, 
of  course,  exceedingly  strong  and  sharp,  and  remain  so 
for  a  very  long  time.  As  the  opening-rollei-s  are  placed 
nearer  to  the  card  proper,  their  clothing  becomes  finer, 
and  they  revolve  somewhat  more  quickly,  but  still  at 
such  a  moderate  speed  that  there  is  little  risk  of  the  wool 
being  broken.  This  is  in  principle  not  unlike  Clough's 
preparing-boxes,  which  first  partially  open  the  wool  by 
slow-going  fallers,  before  the  quicker   fallers,  and   still 

G 
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quicker  front  rollers,  seize  it ;  the  object  of  both  being 
gently  to  open  the  wool  before  the  process  of  really 
straightening  it  out  commences.  Between  these  opening- 
rollei"S  and  the  first  swift,  there  is  often  placed  what  may 
be  called  a  preliminary  swift,  usually  known  as  a  "breast," 
which  has  on  it  workers  and  strippers  in  the  usual  way. 
These  all  revolve  more  slowly  than  the  after  portions  of 
the  card,  so  that  by  the  time  the  first  swift  takes  the 
wool,  it  is  not  too  much  to  say  that  half  the  carding  has 
been  done. 

81.  Arrangement  of  a  Card. — When  so  much  is  done 
by  the  opening-rollers  and  the  breast,  two  swifts  are 
enough,  each  with  four  workers  and  four  strippers,  an 
angle  worker,  and  a  "fancy"  running  on  them. 

The  swift  revolves  at  about  80  to  .100  revolutions  per 
minute  in  the  direction  of  the  card,  i.e.,  carrying  the 
wool  forwards  to  the  "  dofier  "  in  front  of  it.  The  workers, 
which  revolve  slowly,  run  in  the  opposite  direction  to  the 
swift,  and  though  they  never  touch  the  swift,  being  set 
just  so  as  to  clear  it,  they  receive  the  wool  from  the  swift 
as  the  latter  rapidly  passes  them.  The  strippers,  which 
run  quickly,  go  the  same  way  as  the  workers,  their 
function  being  to  strip  the  wool  off  the  workers,  and  give 
it  back  to  the  swift.  This  process  goes  on  as  long  as 
there  are  tufts  of  wool  standing  out  from  the  swift,  but 
when  the  last  worker  is  passed  the  wool  may  be  said  to 
be  smoothed  down.  It  then  reaches  the  "  fancy,"  which 
is  the  only  roller  that  runs  into  the  swift.  It  is  covered 
with  long  very  pliable  wires,  and  acts  as  a  brush  to  raise 
up  the  wool  from  the  wires  of  the  swift.  To  accomplish 
this  it  must  revolve  considerably  quicker  than  the  swift, 
but  as  the  wires  in  it  point  the  same  way  as  those  in  the 
swift,  it  does  not  carry  off  any  wool,  but  merely  brushes 
it  up.  That  is  done  by  the  dofier,  though  it  would  per- 
haps be  more  correct  to  say  that  the  swift  lays  the  wool 
on  the  doffer  rather  than  that  the  doffer  takes,  or  doffs  it 
off,  the  swift.  This  is  because  the  doffer  runs  slowly 
and  the    swift    quickly.     The   points    of   the   wires  on 
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each  are  set  the  same  way  as  shown  in  Fig.  16,  and, 
therefore,  as  the  front  part  of  the  swift  quickly  passes  the 
back  part  of  the  doffer,  it  meets  all  the  points  of  the 
latter  standing  up,  and  deposits  its  wool  upon  them.  The 
doffer  simply  carries  these  round,  either  till  it  meets  the 


Sti-ipper 


Fancy 


Fig,  16. 


next  swift  which  receives  its  wool,  or  in  the  case  of  the 
last  doffer,  till  it  comes  to  the  doffing  knife  or  comb 
(k),  which  works  quickly  up  and  down,  combing 
the  face  of  the  doffer  downwards,  and  thus  taking 
off  all  the  wool  in  its  carded  state.  This  wool  is 
gathered  together  and  passed  through  a  pair  of  press 
rollers,  and  thence  it  either  passes  into  a  can  or  is  wound 
into  a  ball,  the  latter  being  the  usual  way  as  most  con- 
venient for  storing. 

82.  Burring  Rollers.  —  If  the  wool,  as  not  un- 
frequently  happens,  is  full  of  burrs  and  other  small  seeds, 
these  must  be  cleared  off  before  it  is  carded,  both  because 
the  burrs  would  spoil  the  fine  card  wires,  and  because 
when  they  are  opened  by  the  card  they  lie  along  the 
fibres  of  wool  and  are  exceedingly  difficult  to  remove. 
To  clear  them  off,  burring  rollers  are  fixed  on  the  top  of 
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two  of  the  lickers-in.  These  are  small  rollers  which 
revolve  at  a  great  speed,  not  covered  with  card  cloth,  but 
which  run  so  close  to  the  licker-in  rollers  as  to  knock  off 
everything  that  projects  above  it  and  offers  any  resistance. 
The  burrs  do  both  of  these  things,  and  thus  are  hit  by 
the  roller  and  dashed  into  a  tin  tray  suitably  placed  close 
to  it  across  the  card.  Sometimes  even  three  of  these 
rollers  are  used,  and  then  the  wool  is  as  nearly  cleared  of 
burrs  as  possible.  To  assist  the  process  by  loosening  the 
hold  of  the  wool  on  the  burrs,  the  licker-in  rollers  are 
sometimes  made  hollow,  and  steam  is  allowed  to  fill  them, 
being  blown  through  pipes  which  run  in  the  axle  of 
the  roller.  The  application  of  heat  always  loosens  wool, 
and  makes  it  easier  to  work ;  as  we  shall  see,  combs 
are  heated  to  render  the  passage  of  the  wool  easier 
through  them. 

83.  Carding  without  Combing. — As  the  object  of 
carding  is  to  open  all  the  fibres  and  separate  them  from 
each  other,  the  film  of  wool  as  it  comes  off  the  last  doffer 
should  be  like  a  fine  net>work,  showing  all  the  fibres,  but 
free  from  lumps,  and  with  the  short  wool  as  much  opened 
out  as  the  long.  But  as  the  wool  we  are  now  dealing 
with  is  to  be  combed,  it  does  not  matter  if  the  carding 
has  not  been  very  thoroughly  done,  because  all  the  lumps 
and  any  short  wool  will  come  out  in  the  noil.  If,  how- 
ever, we  now  take  the  third  process  for  preparing  wool, 
of  which  we  have  previously  spoken  (p.  53),  viz., 
carding  it  only  without  any  combing,  and  drawing  it 
(i.e.,  preparing  it  for  spinning)  direct  from  the  card  balls, 
as  is  done  with  carpet  and  low-knitting  yarns,  we  shall 
see  that  the  carding  must  be  very  carefully  done,  and  all 
the  little  lumps  must  be  opened  out ;  for  if  not,  there  is 
no  other  machine  in  the  process  that  can  do  it.  It  is 
common  for  wool  which  is  only  to  be  carded  to  have 
three  swifts  with  the  full  number  of  workers,  &c.,  on 
them ;  but  if  the  card  clothing  be  kept  in  thoroughly 
good  order  and  well  ground,  so  as  to  have  the  points 
sharp,  very  good  work  can  be  done  with  two-swift  cards 
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as  above  described.  Indeed,  if  good  work  can  be  done 
with  two  swifts,  they  are  better  than  thi-ee,  both  because 
they  are  cheaper  to  fit  up,  and  because  the  less  the  wool 
is  worked,  the  less  will  it  be  broken,  and  there  can  be  no 
greater  error  than  to  send  wool  through  an  unnecessary 
number  of  processes  in  any  class  of  operations. 

84.  Difference  between  Preparing  and  Carding. — 
The  difference  between  the  prepared  and  carded  wool, 
and  between  the  operations,  is  now  plain.  In  the  former, 
from  the  first  the  fibres  have  been  stretched  out  as 
straight  as  possible,  and  all  the  wool  has  been  opened 
out,  except  little  staples  which  have  been  too  short  for 
the  rollers  or  fallers  to  get  well  hold  of.  These  remain 
in,  and  have  to  be  taken  out  with  the  rest  of  the  noil  in 
combing.  The  carded  wool  has  none  of  these  in,  for 
short  equally  with  long  staples  have  been  opened  in  the 
cards.  The  fibres,  however,  are  lying  in  all  directions 
along  and  across  the  sliver,  which  is  made  by  winding  the 
wool  on  to  a  ball.  Until  these  are  straightened  the  wool 
cannot  be  combed,  or  if  it  were,  the  amount  of  noil  would 
be  very  great.  The  wool  is,  therefore,  passed  through 
one  or  two  gill  boxes,  like  the  fifth  and  sixth  in  the 
preparing-set. 

85.  Capability  for  Milling  not  affected  by  Gilling. 
— Another  remark  in  reference  to  carding  and  gilling 
should  be  made.  It  is  often  stated  that  one  reason  why 
prepared  wool  is  not  so  suitable  for  milling  as  carded 
wool  is  because  its  passage  through  the  steel  pins  of  the 
gill  boxes  and  combs  breaks  off  the  serratures  from  the 
fibres  or  blunts  their  points.  Consequently,  they  have 
not  the  same  power  of  interlocking  as  before.  Wool  that 
is  carded,  it  is  said,  does  not  suffer  in  the  same  way,  the 
eft'ect  of  the  operation  being  to  open  the  serratures  and 
make  the  fibre  rougher.  It  is  very  unlikely  that  this  is 
the  case.  "When  it  is  considered  that  there  are  from 
1,200  to  3,000  serratures  per  inch  in  the  fibre,  and  that 
the  wool  is  oiled  before  it  is  carded  or  combed,  it  will  be 
obvious  that  the  action  of  the  steel  pins  of  the  fallers,  or 
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the  wire  of  the  cards,  cannot  have  much  effect  on  the 
small  points  that  are  presented  to  them.  But  if  any  be 
broken  off,  it  is  more  likely  that  the  breakage  will  happen 
in  the  cards  than  in  the  gills,  for  the  treatment  the  wool 
receives  is  rougher  in  the  former  than  in  the  latter.  As 
the  fibres  are  torn  and  pulled  by  thousands  of  short  wire 
pins,  placed  in  rapidly-revolving  cylinders,  there  is  every 
chance  that  if  damage  can  be  done  to  the  points  of  the 
serratures,  it  will  be  in  the  operation  of  carding  rather 
than  in  the  comparatively  slow  and  gentler  operation  of 
preparing  and  combing.  But  the  oil  which  is  mixed  with 
the  wool  no  doubt  protects  the  serratures  from  breakage, 
and  as  it  is  removed  by  scouring  befoi-e  the  cloth  is 
milled,  the  serratures  then  remain  free  and  open  to  inter- 
lock with  each  other. 

86.  Back-washing. — Wool  may  become  rather  sullied 
with  carding,  and  is  generally  back-washed  to  give  it 
a  good  colour.  This  process  consists  of  passing  a  number 
of  carded  slivers  through  a  sud  of  hot  soap  and  water, 
and  then  over  copper  drums  heated  with  steam  to  dry 
them  again.  In  Fig.  17,  as  made  by  Taylor,  Words- 
worth and  Co.,  of  Leeds,  the  sud  tank  is  behind  the 
wheels  at  s.  The  drums  are  at  D  D,  and  though  only  four 
are  shown  here,  there  is  often  double  that  number. 
This  machine  is  fitted  up  with  a  screw  gill  box,  o, 
and  an  oiling  motion,  o  ;  so  that  when  the  sliver  comes 
dry  from  the  drums  it  may  be  oiled  and  straightened, 
and  thus  an  operation  is  saved.  It  is  said  that  wool  thus 
back-washed  never  spins  quite  so  well  as  if  it  were  not  so 
treated,  and  there  is  probably  some  truth  in  the  assertion. 
But  the  fact  that  a  much  better  colour  is  gained,  and  the 
better  price  which  both  the  top  and  noil  consequently  fetch, 
make  the  custom  of  back-washing  after  carding  almost 
universal. 

87.  Card  Clothing. — Nothing  has  been  said  so  far 
regarding  feeding  the  cards,  nor  as  to  the  proper  covering 
for  them.  These  will  be  left  till  we  can  consider  the 
whole  subject  later  on  ;  but  no  rules  can  be  laid  down  as 


88 


WOOLLENS    AND    WORSTEDS. 


[Chap.  V. 


to  the  covering,  because  it  depends  entirely  on  the  class 
of  wool  used  in  each  mill.  The  wool  which  is  carded  and 
then  combed  is  usually  fine  and  short,  such  as  Botany, 
and,  therefore,  the  cards  must  be  covered  with  very  fine 
clothing.  For  those  sorts  which  are  intended  to  be  carded 
only,  coarser  clothing  will  do,  as  they  are  usually  coarse 
wools.  But  it  is  a  safe  rule  to  follow  to  have  the  clothing 
too  fine  rather  than  too  coarse. 

88.  Speeds  of  Cards. — The  following  tables,  showing 
the  speed  and  surface  velocity  of  the  different  rollers  on 
old-fashioned  and  modem  cards,  have  kindly  been  supplied 
by  a  friend  of  very  great  experience  in  carding  : — 

Old  Style  of  Carding  Engine. 


Diameter 

Feet  per 

Revolutions 

in  inches. 

minute. 

per  minute. 

First  taker-in 

10 

65 

23 

Breast  .... 

40 

350 

33 

Two  workers  over  breast 

7 

16 

— 

Two  strippers   „         „ 

5 

420 

— 

First  angle  stripper 

7 

612 

300 

First  swift    . 

48 

1,150 

90 

Workers  over  swift 

7 

16 

8 

Strippers    „       „ 

6 

420 

284 

Fancy  . 

14 

1,820 

450 

First  doffer  . 

24 

44 

6| 

Second  angle  stripper 

7 

520 

255 

Second  swift 

48 

1,150 

90 

Workers  over  swift 

7 

12 

6 

Strippers    „        „ 

5 

420 

284 

Fancy  . 

14 

1,820 

450 

Second  dofEer 

24 

35 

6i 

Third  angle  stripper 

7 

520 

255 

Third  swift  . 

48 

1,150 

90 

Workers  over  swift 

7 

10 

6 

Strippers    „       „ 

5 

420 

284 

Fancy  . 

14 

1,820 

450 

Third  doffer . 

24 

29 

^ 

Chap,  v.]        MODERN    IMPROVEMENTS    IN   CARDING.  89 

Modern  Carding  Engine. 


For  fine  wool. 

Coarse  and 
medium  wool. 

Dia- 
meter 

in 
inclies. 

Surface 
feet  per 
minute. 

Revolu- 
tions. 

Surface 
feet  per 
minute. 

Revolu- 
tions. 

ft.     in. 

ft.     in. 

First  taker-in 

20 

55    0 

m 

54    0 

10 

First  under-stripper 

12 

152    0 

46i 

97    0 

29^ 

Second  taker-in    . 

20 

236    6 

44 

150    0 

28 

Second  under-stripper  . 

12 

346    6 

106 

207    0 

63 

Third  taker-in 

20 

637    6 

100 

322    6 

60 

First  angle  stripper 

8 

744    6 

325 

588    0 

257 

First  swift    . 

50 

1,196    0 

90 

957    0 

72 

Workers  over  swift 

9 

15    0 

6 

15    0 

6 

Strippers    „       „ 

3 

318    0 

325 

251    6 

257 

Fancv  .... 

12 

1,935    0 

540 

1,180    0 

324 

First'doffer  . 

36 

67    0 

7 

67    0 

7 

Second  angle  stripper  . 

8 

206    0 

90 

165    0 

72 

Second  swift 

50 

1,196    0 

90 

957    0 

72 

"Workers  over  swift 

10 

11    3 

4 

10    0 

3^ 

Strippers    „        „ 

3 

266    0 

272 

212    0 

216 

Fancy  .... 

12 

1,935    0 

540 

1,180    0 

324 

Second  doffer 

36 

41    0 

H 

41    0 

4 

These  cards  have  only  two  swifts. 

89.  Modern  Improvements. — The  improvements  here 
shown  are,  firstly,  in  the  application  of  three  takers-in 
working  at  a  slow  speed,  and  opening  all  the  locks  of 
wool  before  they  reach  the  swifts,  and  thus  preventing 
much  breakage  of  the  fibres.  Burr  rollers  can  be  applied 
to  each  taker-in,  and  the  under-strippers  also  throw  out  a 
great  deal  of  dirt.  Workers  and  strippers  are  sometimes 
placed  above  the  takers-in.  Secondly,  larger  doffers  are 
used  than  formerly  with  greater  surface  velocity.  The 
workers  are  also  larger.  Thirdly,  for  coarse  and  medium 
wool  the  swifts,  fancies,  and  strippers  are  run  much  more 
slowly.  This  is  a  great  advantage  for  short  wool,  and 
saves  the  shortest  fibres  from  flying  ofl",  and  the  workers 


90 


WOOLLENS    AND    WORSTEDS. 


[Chap.  VI. 


and  doffers .  are  not  so  much  choked.  This  follows  the 
example  of  the  woollen  carders,  who  run  swifts  slow  on 
account  of  the  very  shoii;  wool  they  use,  sometimes  as 
slow  as  sixty  revolutions  per  minute.  But  for  good  fine 
wool  this  is  no  advantage.  The  speed  of  the  fancies 
varies  very  much,  almost  every  carder  having  his  own 
ideas  on  the  subject.  The  speeds  here  given,  however, 
may  be  relied  on  as  having  been  decided  upon  after  much 
consideration.  All  the  surface  velocities  here  are  calcu- 
lated on  the  face  of  the  wii-e,  not  on  the  bare  roller; 
fractions  are  omitted.  In  all  cases  it  is  recommended 
that  hardened  steel  wire  should  be  used. 


CHAPTER    VI. 


WOOL-COMBING. 


90.  Hand-Combing. — We  have  now  to  consider  the 
various  methods  of  combing ;  and,  without  describing 
every  part  of  each  machine,  we  shall  indicate  the  principles 
on  which  each  of  the  leading 
combs  is  woi-ked.  It  is  not 
necessary  to  say  much  of  the 
old  system  of  hand-combing  which  is 
now  extinct,  but  a  few  words  may 
be  given  to  it.  Every  comber  had  two 
combs  similar  to  that  in  Fig.  18, 
and  a  post  with  an  iron  rod  or  stand 
fastened  into  it  on  which  a  comb  would 
be  placed  while  the  other  was  worked. 
The  wool  was  oiled  and  "  lashed  "  on 
to  (i.e.,  partially  drawn  through)  the 
pins  of  one  comb,  which  was  placed 
on  the  post  during  the  process.  It 
was  then  heated  on  a  stove,  and  the  other  comb  treated 
in  the  same  way.      When  both  were  charged  with  wool 


Fig.  18. 
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and  heated,  the  comber  would  take  one  in  each  hand  and 
keep  combing  the  teeth  of  the  one  through  the  wool  of 
the  other,  changing  backwards  and  forwards  till  all  the 
wool  was  combed.  He  then  combed  all  the  wool  on 
to  one  comb,  warmed  it  again,  fixed  it  on  the  post,  and 
drew  off  with  his  hands  as  much  wool  as  he  could  into 
a  sliver  a  few  feet  in  length,  and  as  evenly  as  possible. 
The  small  quantity  of  short  wool  left  in  the  combs  was 
the  noil,  and  was  sold  as  waste,  to  be  used  for  making 
blankets.  This  was  the  universal  method  of  combing 
until  quite  recently,  when  one  invention  after  another 
destroyed  it  for  ever. 

91.  The  Nip  Comb. — It  would  be  needless  to  describe 
here  all  these  inventions,  and  the  tremendous  law-suits 
which  took  place  in  connection  with  them.  The  combs, 
as  they  now  exist,  are  what  we  have  to  deal  with, 
and  of  these  the  three  leading  sorts  are  the  Lister 
or  Nip,  the  Noble,  and  the  Holden  or  square  motion 
combs.  We  will  take  the  Nip  comb  first  (Fig. 
19).  It  is  in  two  parts  :  the  screw  gill  box  with 
the  nip  motion,  and  the  circle  with  the  drawing-off 
rollers.  The  screw  gill  is  in  principle  like  any  other 
screw  gill  box,  but  without  draft  or  front  rollers.  The 
back  i-ollers  do  not  hold  the  wool,  but  merely  pass  it 
forwards  to  the  fallers  from  a  long  array  of  cans,  often 
thirty  in  number,  which  stand  at  the  back  and  form,  as 
it  were,  a  long  tail  of  wool  stretching  out  behind.  The 
fallers  F  F,  which  work  in  the  box  x,  are  curved,  being 
lower  in  the  centre  than  at  the  ends,  and  have  three  rows 
of  pins  in  each,  which  are  set  very  closely  together. 
Underneath  them  is  a  small  coil  of  gas  pipes,  with  lights 
to  warm  the  fallers  to  enable  the  wool  to  be  drawn 
more  easily  through.  Above  the  fallers  is  a  dabbing- 
brush  H,  which  works  up  and  down  by  an  eccentric 
motion,  and  presses  the  wool  into  the  pins.  The  great 
feature  of  the  machine  is  the  nip  N.  This  works  back- 
wards and  forwards  by  the  rod  L,  which  is  woi'ked  by  the 
wheel  w,  and  a  similar  wheel  and  rod  on  the  other  side. 
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When  the  wheel  w  is  so  placed  that  the  rod  is  pulled 
back,  the  nip  is  pressed  tight  against  the  front  faller  of 
the  set,  and  is  closed.  As  the  rod  L  moves  forwards  by 
the  rotation  of  the  wheel,  the  nip  moves  forwards,  still 
remaining  closed,  as  shown  in  the  diagram,  where  it  is 
represented  as  about  three-fourths  of  the  way  forward. 
When  it  arrives  at  its  farthest  point  it  is  met  by  the 
carrying  comb  B,  made  of  long  thin  wires,  the  points  of 
which  have  gently  touched  it,  just  at  the  line  where  the 
upper  and  lower  plates  of  the  nip  meet.  The  rod  L  is 
then  again  drawn  back,  and  the  nip  returns  with  it,  but 
now  open,  showing  two  iron  plates,  the  top  one  with  a 
rounded  but  thin  edge,  and  the  lower  one  with  a  groove 
into  which  the  former  fits  when  they  meet.  The  motion 
which  causes  the  nip  to  open  and  shut  is  at  E,  which  is 
an  eccentric  tappit  made  like  a  heart.  When  the  point 
of  the  heart  is  up,  the  circular  solid  pulley  i  is  pressed  up, 
raising  the  upright  rods  which  rest  on  it^  and  so  pressing 
down  the  nip  by  the  action  of  the  joints  p  p  p^  p^.  When 
the  point  of  the  heart  is  down,  the  reverse  takes  place, 
the  rod  p^  falls,  and  by  means  of  the  joint  p^,  which 
acts  as  a  fulcrum,  the  nip  opens.  As  the  nip  recedes,  the 
carrying  comb  B  moves  forward  and  its  points  stroke 
the  pins  of  the  circle  c  ;  there  it  retires,  and  the  dabbing 
brush  D  dabs  twice  in  the  circle  before  the  comb  again 
returns. 

92.  Action  of  the  Nip  Comb. — Now  when  the  comb 
is  charged  with  wool,  the  fallers  bring  it  as  far  as  they 
go.  When  a  faller  drops,  the  wool  which  was  in  it 
remains  above  and  projects  forwards.  The  nip  at  that 
moment  comes  up  open,  presses  against  the  fallers,  and 
closes  over  the  wool  which  has  just  been  left  by  the 
faller  which  dropped.  It  is  held  very  firmly  in  the 
nip,  because  of  the  thin  edge  and  groove  of  the 
upper  and  lower  parts  respectively,  and  when  the 
nip  again  moves  forward  it  carries  the  wool  along 
with  it,  drawing  all  the  fibres,  of  which  it  has  cauglit 
one   end,   through    the    pins    of  all    the    fallers.      In 
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this  way  all  that  part  of  the  wool  is  combed,  the  little 
lumps  and  knots  being  left  behind  in  the  pins.  The 
carrying-comb  being  set  to  meet  the  nip  just  before  it 
opens,  takes  on  its  points  that  part  of  the  wool  which 
projects  through  the  nip,  and  so  secures  it  that  when  the 
nip  opens  and  recedes,  the  carrying-comb  carries  off  the 
wool  from  between  its  two  plates.  It  carries  it  to  the 
circle  c,  and  lays  it  gently  on  the  pins,  which  are  set  all 
round,  and  which,  indeed,  form  the  circle.  The  dabbing 
brush  D  comes  down,  dabs  the  wool  into  the  pins,  and 
the  comb  being  released  returns  again  to  meet  the  nip. 
The  circle  is  all  the  time  travelling  from  left  to  right, 
taking  the  wool  with  it,  which  is  hanging  like  a  fringe 
over  its  outside  edge,  between  the  place  where  the 
dabbing  brush  falls  and  the  farther  end  of  the  plate 
of  iron  marked  s.  As  the  circle  moves  slowly,  the 
comb  can  deposit  its  layer  of  wool  so  quickly  that  each 
deposit  overlaps  two-thirds  of  the  previous  one.  The  piece 
of  sheet-iron,  or  tin,  s,  is  merely  placed  to  press  the  wool 
still  farther  into  the  pins  of  the  circle,  and  at  its  other 
side  are  the  drawing-ofF  rollers,  which  draw  off  all  the 
wool  they  can  lay  hold  of,  and  pass  it  through  a  funnel 
to  the  press-rollers,  and  thence  into  a  can.  This 
is  the  "  top,"  or  combed  wool.  The  very  short  fibres 
of  wool  which  remain  in  the  circle  are  taken  out 
by  knives,  k,  inserted  in  it  for  the  purpose  of  lifting 
them  out,  and  they  fall  over  naturally  into  a  box 
or  can  placed  to  receive  them.  This  short  wool  is  called 
"  noils."  The  circle  is  driven  from  inside  by  a  rack  R, 
and  a  little  wheel  on  the  short  upright  shaft  v.  To  guide 
the  wool,  and  keep  it  lying  straight,  and  then  to  blow  it 
round  in  the  direction  in  which  the  circle  travels,  so  that 
the  drawing-off  rollers  may  get  its  points  first,  a  blast  of  air 
is  sent  through  funnels  A  A  and  others  not  shown,  which 
can  be  altered  according  to  the  length  of  the  wool  combed. 
93.  Chief  Point  of  the  Nip  Comb. — We  have  seen 
that  the  main  length  of  the  wool  is  combed  clear  by  being 
drawn  by  the  nip  thi-ough  all  the  fallei-s,  but  that  that 
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which  is  held  by  the  nip  is  not  clear,  and  contains  part 
of  the  accumulated  short  wool  or  noils  of  all  the  imme- 
diately preceding  draws.  To  clear  it,  the  carrying  comb 
must  throw  or  place  it  well  over  the  outside  row  of  pins 
in  the  circle,  so  that  when  the  drawing-off  rollers  catch 
it  they  may  draw  all  that  part  through  the  pins  of  the 
circle  and  so  clear  it  too.  This  method  of  first  clearing 
about  nine-tenths  of  one  draw  of  wool  by  the  fallers,  and 
then  clearing  the  other  tenth  and  a  little  more  by  the 
circle,  is  very  simple  and  effective,  and  for  long  English 
wool  there  is  no  comb  to  beat  it  yet. 

94.  Setting  of  Nip  Comb. — We  have  thus  described 
the  nip  comb  at  some  length,  because  the  method  by  which 
various  parts  work  must  be  understood  to  enable  the  over- 
looker to  adjust  them  properly.  It  is  not  put  together  in 
such  a  way  that  all  the  parts  necessarily  work  in  harmony. 
On  the  contrary,  the  overlooker  must  set  each  part  with 
the  utmost  nicety,  or  the  work  will  be  spoiled.  We  will 
now  state  how  it  must  be  set.  The  back  rollers  must 
not  be  tightly  pressed  together,  their  function  being  only  to 
feed  the  fallers.  The  front  faller  must  have  just  reached 
the  extremity  of  its  journey  forward,  but  must  not  in  the 
least  have  begun  to  drop,  when  the  nip  has  reached  the 
extremity  of  its  backward  journey  and  has  closed  upon 
the  wool  left  projecting  by  the  previous  faller.  This  is 
most  essential,  because  then  the  nip  presses  or  nips  as 
close  as  possible  up  to  the  front  faller,  and  thus  no  un- 
combed wool  will  be  left  on  its  hinder  side.  If  the  faller 
has  say  i  inch  farther  to  travel  when  the  nip  closes,  it  is 
clear  there  must  be  i  inch  uncombed  wool,  between  the 
two,  and  to  clear  this,  the  wool  must  be  thrown  \  inch 
farther  over  the  circle  than  is  otherwise  necessary.  If 
they  are  set  right,  the  faller  will  begin  to  drop  as  the  nip 
recedes,  and  complete  its  drop  when  the  nip  has  reached 
the  end  of  its  journey.  The  two  plates  of  the  nip 
must  fit  exactly  into  each  other,  and  equally  all  the  way 
across,  nor  must  the  edge  of  the  upper  one  be  too  sharp 
or  it  will  cut  the  wool.     Often,  from  bad  management 
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of  these  two  points,  the  nip  cuts  the  wool  as  clean  as 
if  done  by  a  pair  of  scissors.  If  it  does  not  close  tight 
enough,  it  cannot  draw  the  wool  through  the  fallers,  and 
leaves  paps  sticking  out,  which  have  to  be  caught  next 
time.  The  exact  medium  must  be  obtained  ;  nothing 
else  will  do.  Next  the  carrying  comb  must  be  set,  and 
this  is  really  a  work  of  difficulty.  It  must  meet  the  nip 
at  the  right  fraction  of  a  second  in  the  right  place,  on 
the  one  hand,  and  must  deposit  the  wool  in  the  right 
place  on  the  circle,  on  the  other.  It  must  press  very 
gently  against  the  nip,  so  as  just  to  carry  off  the  draw  of 
wool  on  the  tips  of  its  teeth,  and  when  it  afterwards 
reaches  the  circle,  the  tips  of  its  teeth  should  go  rather 
more  than  half  way  across  the  rows  of  pins,  but  without 
pressing  into  them.  One  row  of  pins,  the  centre  one 
often,  is  made  longer  than  the  rest,  and  this  catches  the 
wool  and  retains  it  as  the  comb  recedes,  and  then  the 
dabbing  brush  comes  down.  The  distance  which  the 
comb  reaches  over  the  circle  regulates  the  amount  of  noil 
made,  the  farther  the  wool  is  thrown  over,  the  larger 
being  the  noil.  The  difficulty  consists  in  getting  the 
comb  at  once  to  throw  the  wool  the  right  distance  on  the 
circle,  and  also  to  meet  the  nip  in  the  right  place,  for  it 
may  be  doing  the  one  right  and  the  other  wrong,  and 
only  careful  testing  can  insure  that  both  are  right.  This 
depends  entirely  on  the  overlooker,  as  the  position  of  the 
comb  can  be  shifted  up  and  down  at  will.  The  dabbing 
brush  next  needs  regulating  to  dab  twice  between  each 
journey  of  the  comb,  and  always  to  be  as  high  up  as  it 
will  go  when  the  comb  is  just  going  to  lay  the  wool  on 
the  circle  ;  if  it  is  not,  but  is  too  low,  it  will  knock  the 
wool  off  the  tip  of  the  comb,  and  then  it  will  not  be  laid 
far  enough  over  the  pins.  The  blast  of  air  next  must  be 
regulated.  The  triangular  case  (Fig.  19,  a),  has  a  narrow 
opening  along  the  bottom,  and  blows  the  ends  of  wool 
which  are  hanging  on  the  circle  downwards,  to  get  them 
out  or  the  way  of  the  comb  next  time  it  comes. 
As  the  circle  travels   round,    other  blasts  of   air  blow 
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the  loose  ends  of  the  wool  forward  more  quickly  than 
the  speed  of  the  circle,  and  thus  these  ends  are 
caught  by  the  drawing  off  rollers,  and  the  whole  fibre  is 
drawn  through  the  circle  ;  the  longest  ones  first  because 
they  reach  the  rollers  first,  and  the  shortest  ones  last, 
till  only  the  very  short  wool  is  left  which,  as  already  said, 
is  taken  out  by  knives  fixed  witn  their  points  between 
the  rows  of  pins,  and  tumbled  into  a  can  placed  for  it. 
The  drawing-off  rollers  can  be  set  near  to  or  farther 
from  the  circle  according  as  it  is  desired  to  di*aw  the 
wool  close  or  not,  but  the  best  way  is  to  place  them  near, 
and  if  a  large  noil  is  needed,  rather  to  throw  the  wool  well 
over  the  circle  by  the  carrying  comb.  The  only  other  detail 
needing  mention  here  is  that  the  point  of  the  heart-shaped 
tappit  (Fig.  19,  e),  must  be  at  the  top  just  after  the 
nip  motion  has  pressed  against  the  front  faller.  The  nip, 
of  course,  must  not  shut  till  just  after  it  has  touched  the 
faller.  If  it  shut  too  soon,  it  cannot  nip  close  up ;  if  too 
late,  it  will  not  begin  to  draw  the  wool  through  the 
fallers  just  when  it  starts  in  its  forward  journey.  The 
nip  should  make  about  forty  journeys  each  way  per 
minute,  and  the  carrying  comb,  of  course,  the  same 
number.  Hence  the  double  journey  only  takes  1|- 
seconds,  whicli  shows  with  what  very  great  nicety  the 
time  of  each  motion  has  to  be  calculated,  and  how  short 
is  the  interval  between  the  nip  touching  the  faller  and 
closing  on  the  wool.  It  is  the  smallest  fraction  of  a 
second,  but  it  will  make  the  whole  difference  between 
good  and  bad  work  whether  the  fraction  be  right  or 
wrong.  There  is  no  machine  in  the  trade  more  beautiful 
and  delicate  in  its  adjustments,  nor  one  whose  work  can 
be  more  easily  spoiled  by  the  slightest  want  of  attention 
or  knowledge  on  the  part  of  the  overlooker,  and,  there- 
fore, this  full  description  has  been  thought  necessaiy. 

95.  Noble's  Comb. — The  Noble  is  very  diffei-ent  in  its 
structure  from  the  nip  comb,  as  will  be  seen  by  the  accom- 
panying drawings  of  the  machine  (Figs.  20,  21)  as  made  by 
Messrs.  Taylor,  Wordsworth  and  Co.,  of  Leeds,  one  of  the 
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chief  fimis  of  comb  makers.  Instead  of  the  wool  being  put 
\ip  at  the  back  of  the  comb,  it  is  wound  on  to  lurge  bobbins, 
and  placed  in  the  circular  rack  which  surrounds  the 
centre  of  the  machine  (Fig.  20).  These  balls  are  made 
on  the  machine  here  shown.  Four  cans  are  placed  be- 
hind the  rings  R  R,  and  the  slivers   are  passed  through 


Fig.  20. 


them,  and  through  the  rollers  in  front,  on  to  a  bobbin 
which  lies  hoi'izontally  on  a  spindle  at  a,  and  which  is 
held  tight  between  two  plates.  The  machine  is  driven 
by  a  friction  wheel,  w,  and  the  balls  are  thus  made  quite 
hard.  No  twist  is  put  in,  and  therefore  when  taken  to 
the  creel  of  the  comb  they  can  be  unwound  just  as  they 
lie,  and  the  ends  drawn  into  the  circles  for  combing.  To 
make  a  set,  1 8  of  these  balls  are  needed,  and  they  are  placed 
on  the  rollers  of  the  comb,  b  b,  with  their  ends  through 
the  rings  A  A,  in  succession  all  round  (Fig.  21).  The 
ends  then  pa.ss  through  Whitehead's  patent  feed  boxes, 
which  are  mtide  of  brass  with  a  heavy  lid,  the  end  at  the 
back  being  open  as  shown,  but  the  other  end  being  closed 
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when  they  are  empty.  As  the  hinge  of  the  lid  is  at 
the  back,  all  its  weight  falls  on  the  other  end,  and  the 
wool  is  thus  held  somewhat  firmly,  and  cannot  slip  back- 
wards unless  the  lid  is  opened.    There  are  seventy -two  of 


Fig.  21. 


these  boxes  and,  as  will  be  seen,  they  are  set  in  a  iTng. 
Inside  this  ring  is  a  large  circle,  which  rests  on  a  circular 
steam  chest  to  heat  it;  and  the  whole  of  this  portion  of  the 
comb,  except  the  steam  chest,  namely,  racks,  rings,  boxes, 
and  large  circle,  revolve  together.  Inside  the  large  circle 
are  two  small  circles,  one  at  each  side,  as  shown  in  Fig. 
22,  and  the  whole  combing  is  done  by  the  motion  of 
these  three  circles  relatively  to  each  other.     The  large 
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circle  is  usually  48  to  60  inches  in  diameter,  and  the 
small  ones  16  to  20.  The  width  of  the  rim  of  these  circles 
varies  according  to  the  class  of  wool  to  be  combed,  but 
in  the  large  circle  it  is  usually  from  2  to  4  inches  wide, 
and  in  the  small  ones  from  |^  to  1^  inch.     They    are 

covered  with 
rows  of  pins, 
set  in  circles, 
round  them,  and 
the  size  and 
number  of  the 
pins  vary  like- 
wise according 
to  the  wool. 
For  fine  wool 
the  front  row.* 
of  pins  in  the 
large  circle  may 
be  about  40  per 
inch,  and  in  the 
small  circles  44, 
while  the  rows 
at  the  back  are 
coarser.  For  strong  wool,  18  pins  per  inch  are  enough 
for  the  large  circle,  and  20  for  the  small  ones;  but  these 
numbers  vary  indefinitely.  The  three  circles  all  move  in 
the  same  direction,  but  the  small  circles  merely  touch  the 
large  one  at  one  point  and,  revolving,  leave  the  latter  be- 
hind. It  is  this  which  combs  the  wool.  As  the  carriage, 
i.e.,  the  boxes,  racks  and  large  circle,  revolve,  the  wool  is 
brought  to  the  point  of  contact  of  the  large  circle 
and  one  of  the  small  ones.  By  a  motion  to  be  described 
presently,  the  wool  is  constantly  being  pulled  through 
the  boxes,  so  that  it  projects  over  and  beyond  the  large 
circle.  Therefore  its  ends  project  over  the  small  one. 
Just  as  it  passes  over  this  point,  a  dabbing  brush  (Fig. 
21,  d)  falls  on  it  and  presses  it  down  into  the  pin  ot 
both  the  circles  where,  of  course,  it  must  remain.     The 


Fig.  22. 
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little  circle  revolving,  draws  from  the  lai-ge  one  as 
much  wool  as  it  is  able  to  retain  of  that  which  has  been 
<labbed  into  it ;  that  is  to  say,  it  takes  all  the  noil  and 
short  wool  from  the  large  circle  out  of  the  particular 
piece  of  sliver,  which  has  been  dabbed  in  at  any  given 
moment.  It  leaves  projecting  from  the  large  circle  the 
ends  of  all  the  fibres  of  the  long  wool  which,  owing  to 
their  length,  have  preferred  to  remain  behind;  but  in  doing 
so  it  combs  this  projecting  portion.  As  all  the  ends 
of  the  sliver  have  been  dabbed  into  the  little  circle, 
and  as  this  latter  in  revolving  has  been  obliged  to  leave 
the  long  fibres  in  the  large  one,  they  must  all  have  been 
drawn  through  the  pins  of  the  little  circle,  and  the  noil 
that  may  have  been  in  them  has  been  retained  there ;  so 
that  the  ends  which  project  from  the  large  circle  are  quite 
clear.  Similarly  the  ends  which  project  from  the  outside  of 
the  little  circle  must  also  be  clear,  because  they  have  been 
dabbed  into  the  large  circle,  and  have  been  drawn  through 
it  as  the  little  one  leaves  it.  Thus  the  projecting  fibres 
"which  remain  in  the  large  circle  have  left  their  noil  in  the 
little  one  ;  and  those  which  project  from  the  little  circle 
liave  left  their  noil  in  the  large  one,  and  the  projecting 
iibres  in  each  are  combed  clear.  We  will  follow  the 
little  circle  first.  The  wool  in  it  now  consists  of  short 
fibres,  which  are  yet  long  enough  to  be  used  in  the 
combed  wool  or  top,  and  the  very  short  fibres  which  form 
the  noiL  As  it  revolves  it  is  met  by  the  stroker  (Fig. 
21,  e),  a  wheel  with  sharp  teeth  projecting  from  it,  and 
screwed  on  to  it.  These  teeth,  by  a  patent  of  Mr. 
Whitehead's,  a  member  of  the  firm  of  Tayloi",  Words- 
worth and  Co.,  can  all  be  moved  together,  and  set  at  any 
angle  that  is  required.  This  wheel  revolves  from 
left  to  right,  and  is  used  to  stroke  the  wool  which  projects 
from  the  little  circle,  so  as  to  turn  the  ends  forwards  in- 
stead of  letting  them  stand  straight  out.  To  do  this 
it  must  revolve  very  rapidly.  As  soon  as  the  wool  has 
passed  this,  it  is  met  by  a  small  pair  of  vertical  dra wing- 
off  rollers,  which  catch  all  that  projects,  and  draw  it  out 
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of  the  circle,  combing  as  they  draw  the  ends  which  were 
formerly  in  the  pins.  What  remains  in  the  circle  is  noil, 
and  is  lifted  out  of  the  circle  by  knives,  which  are  set  be- 
tween rows  of  pins.  The  noil  ultimately  tumbles  over 
into  a  can,  and  is  removed.  The  large  circle  in  the 
meantime  is  travelling  on,  with  its  long  wool  projecting- 
from  it.  It  soon  comes  to  a  travelling  leather  apron, 
which  goes  quickly,  and  draws  the  points  of  the  wool  for- 
ward, acting  like  the  stroker  to  the  little  circle.  At  F 
are  fixed  the  drawing-ofF  rollers,  and  the  leather  ii  passes 
round  one  of  them.  These  draw  off  all  the  wool  they 
can  catch,  and  it  passes  along  between  another  part  of 
the  leather  h  and  a  second  leather,  until  it  meets  the 
short  wool  sliver  which  has  been  drawn  from  the  little 
circle,  and  the  two  then  unite.  As  the  second  little 
circle  has  been  acting  in  the  same  way  all  the  time,  there 
are  thus  two  ends  of  short  wool  and  two  of  long,  all  of 
which  join  together,  pass  up  the  steel  funnel,  k,  which 
puts  a  little  false  twist  into  them,  and  then  through  a 
pair  of  press  rollers,  h,  into  the  long  brass  funnel,  M,  which 
carries  them  into  a  can  set  to  receive  them. 

96.  Ground  Plan  of  Noble's  Comb.— Such  is  the 
principle  of  Noble's  comb.  It  is,  in  brief,  merely- 
dabbing  a  lock  of  wool  on  to  two  sets  of  pins  placed  close 
together,  then  parting  the  two  sets  so  that  a  portion  of 
the  wool  adheres  to  each,  afterwards  drawing  the  wool 
out  of  each  through  the  pins,  and  again  uniting  the  wool 
thus  drawn  to  make  the  combed  top.  The  arrangement 
of  the  various  parts  is  somewhat  more  complicated 
than  in  the  nip  comb,  though  the  relative  adjust- 
ments are  not  so  delicate ;  but  to  make  it  clearer,  we 
give  (Fig.  2.3)  a  plan  of  the  comb,  supplied  by  Messrs. 
Taylor,  Wordsworth  and  Co.  B  B  are  the  racks  or 
creels  on  which  the  balls  rest ;  A  A  the  rings ;  and  c  C 
the  boxes  through  which  the  ends  pass.  D  D  are  the 
dabbing  brushes  to  press  the  wool  into  the  circles  marked 
lar(/e  circle  and  small  circle,  n  ii  is  tlie  leather  conduct- 
ing the  long  wool  to  its  dra wing-off  rollers,  F  F,  and  N  N  is 
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the  second  leather  between  which  and  h  h  the  sliver  is 
conducted  to  the  steel  funnel,  k.      e  is  the  stroker  wheel 


Fi:,'.  'A. 


for  conducting  forwards  the  wool  in  the  small  circle,  and 
the  leather  N  N  passes  round  one  of  the  rollers,  o  o, 
which  draws  off  the  short  wool  from  the  small  circle,  so 
that  the  long  wool  really  joins  the  short  wool  before  the 
latter  is  drawn  off.  The  two  together  then  pass  through 
the  funnel,  K,  and  the  press  rollers,  R,  to  the  main  press 
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I'ollers,  L,  and  out  by  tlie  long  brass  funnel,  M,  which  is 
not  here  shown.  The  noil  knives  in  the  small  circles  are 
w  w.  When  the  noil  is  raised  up  by  them,  it  meets  the 
plate  shown  across  the  circle,  and  then  falls  over  to  the 
outside  into  a  can  placed  for  it.  i  i  is  the  double  stop- 
ping rod,  worked  from  a  pivot  in  the  centre,  so  that  the 
machine  can  be  stopped  from  any  side,  p  p  are  pillars 
which  are  hollow,  and  contain  shafts  which  drive  the 
comb  below.  Between  the  pillars  is  a  cross  shaft  on 
which  are  the  driving  pulleys,  and  by  means  of  bevelled 
wheels  this  works  the  upright  shafts  in  the  pillars,  and 
these  work  all  the  wheels  below  the  bottom  plate  of  the 
comb  which  drive  the  circles  and  all  the  rollers. 

97.  Feeding  the  Noble  Comb. — When  the  wool  is 
once  dabbed  into  the  circle  at  the  point  of  contact 
between  the  two  circles,  it  must  remain  in  the  circles 
until  it  is  again  lifted  out.  The  small  circle,  as  we  have 
seen,  is  emptied  by  the  drawing-off  rollers,  o  o,  and 
the  noil  knives,  w  w.  But  the  large  one  when  it  has 
passed  the  drawing-off  rollers,  F  F,  is  still  full  of  wool,  and 
the  fi-ont  ends  of  the  boxes^  c  c,  are  on  a  level  with  the 
bottom  of  the  pins  in  the  circle.  These  boxes  and  the 
wool  in  them  and  in  the  circle  must  be  raised,  and  a 
little  more  wool  must  be  drawn  through  the  boxes,  before 
it  can  be  dabbed  down  vinder  the  second  small  circle.  To 
eflfect  this  the  boxes  are  made  to  run  on  an  inclined  plane,  as 
shown  in  the  elevation  (Fig.  21),  the  highest  part  being  just 
before  the  dabbing  brush  is  reached,  after  which  they  fall 
rapidly.  The  boxes  thus  rising  tend  to  lift  the  wool  out 
of  the  circle,  but  in  doing  this  they  are  aided  by  a  set  of 
knives,  s  s,  having  a  similar  slope  to  the  inclined  plane, 
and  between  these  two  the  circle  is  emptied.  Were  this 
all,  there  would  be  nothing  to  draw  more  wool  off  the 
balls  and  through  the  boxes.  But  ju.st  where  the  in- 
clined plane  begins  below  the  boxes,  a  steel  rod,  T  t,  is 
placed  between  two  of  the  roAvs  of  pins,  and  can  be 
lowered  or  liaised  by  screws  set  in  x  x.  The  effect  of  this 
rod  is  that  when  the  boxes  rise  they  cannot  draw  the 
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wool  back  from  the  circle,  and  therefore  they  are  obliged 
to  draw  it  forwards  from  the  ball,  and  thus  each  time  the 
boxes  pass  t  T  a  little  more  wool  is  brought  out.  The 
lower  the  rod  v  T  is  placed  between  the  pins  the 
more  wool  is  pulled  off  the  balls  when  the  boxes  rise, 
and  this,  as  we  shall  soon  see,  increases  the  amount  of 
noil  made.  As  soon  as  the  end  of  T  T  is  reached  the 
knives  s  s  are  set,  and  lift  the  wool  out  of  the  pins.  At 
their  highest  end  they  have  entirely  lifted  the  wool  out, 
and  it  now  passes  over  a  plate,  v  v,  placed  above  the 
pin  points  to  prevent  them  from  catching  the  wool.  On 
this  plate  it  naturally  straightens  itself  out,  because 
the  part  which  has  been  pulled  out  by  T  T  cannot 
get  back  through  the  boxes,  and  therefore  it  lies  over 
the  plate  v  v,  and  thus  a  fresh  supply  is,  as  it  were, 
pushed  forward  to  be  thrown  over  the  little  circle. 
It  is  easy  to  see  that  the  more  there  is  thrown  over 
the  little  cix'cle,  the  more  will  it  carry  away  from  the 
large  one  and  the  larger  will  be  the  noil.  Thus  the 
noil  is  increased  or  diminished  by  lowering  or  raising  the 
rod  T  T.  To  ensure  uniformity  of  delivery  of  slubbing 
from  the  ball,  Mr.  Whitehead  has  patented  a  motion  for 
the  creels  which  makes  them  revolve  and  deliver  the  same 
quantity  of  sliver  otF  the  balls  at  every  revolution  of  the 
circle,  whether  the  balls  be  almost  empty  or  full 

98.  Dabbing  Brushes. — The  motion  of  the  dabbing 
brush  D  D  has  always  been  a  difficulty,  for  unless  it 
moves  up  and  down  very  rapidly  some  of  the  wool 
will  not  be  dabbed  down  just  exactly  at  the  point  of 
contact  between  the  two  circles.  If,  on  the  other 
hand,  the  motion  is  very  quick,  it  cannot  easily  rise  high 
enough,  and  then  the  wool  is  ruffled  and  rubbed  sideways 
as  it  passes  below  the  brush.  The  drawing  of  the  eleva- 
tion of  the  comb  (Fig.  21)  shows  Speight's  patent  motion, 
by  which  speed  is  gained  from  the  top  pulley  to  the 
bottom  one  by  a  belt,  and  by  an  eccentric  motion  z,  the 
brush  itself  is  raised  up  and  down  in  the  case  Y,  though 
the  belt,  of  course,  remains  where  it  is.    This  motion  gives 
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about  420  dabs  per  minute ;  but  if  the  comb  is  heavily 
laden,  it  hardly  raises  the  brush  enough.     Another  and 


Fig.  21. 


perhaps  better  motion  is  that  of  Hoyle  and  Preston, 
of  Keighley,  which,  as  shown  (Fig.  24),  works  the 
brush  entirely  by  the  upper  revolving  plate  or  wheel  A, 
which,  while  giving  a  vertical  motion  to  the  brush,  gives 
a  rotatory  and  partly  horizontal  motion  to  the  rod 
attached  to  it.  The  motion  dabs  the  brush  GOO  times  a 
minute  and  yet  raises  it  well.     The  wear  and  tear  of 
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these  brushes  is  veiy  great,  and  as  they  must  always  be 
kept  in  good  order,  they  are  a  source  of  great  expense, 
but  a  quick  dab  that  does  not  come  down  too  hard  is 
most  economical  for  them.  The  leathers  ai-e  also  a 
great  expense.  The  larger  the  drawing-off  rollers  the 
longer  they  will  last ;  but  for  those  who  wish  to  comb 
near,  that  is,  to  draw  the  wool  off  quite  up  to  the  circle, 
small  rollers  must  be  used.  At  the  little  circle  the 
rollers  must  be  small,  or  too  much  wool  will  be  left  in 
the  noil ;  but  it  is  much  better  to  use  larger  rollers  for 
the  long  wool,  and  not  be  too  anxious  to  draw  ofi'  close. 
This  aj^plies,  however,  only  to  prepared  wool.  For 
wool  that  has  been  cai'ded  the  drawing  off  can  be  quite 
close. 

99.  Double  Drawing-off  Rollers. — An  improvement 
for  facilitating  this  has  been  patented  by  Mr.  Albert 
Smith,  of  Bradford,  by  which,  as  shown  in  Fig.  25, 
the  drawing  off  is  done  twice.  The  large  and  small 
circles  are  a  and  b  ;  the  ordinary  drawing-off'  rollers 
from  the  small  circle  are  e  e,  and  those  for  the  large 
one  c  c ;  but  in  this  case  c  c  are  not  placed  quite  close 
to  the  circle,  and  they  only  draw  off  a  portion  of  the  wool. 
However  much  they  try  to  draw  off  they  will  always 
leave  a  little  beard  still  standing  out.  This,  of  course, 
has  been  combed  by  the  little  circle  as  much  as  the 
rest,  and  therefore  it  is  drawn  off  by  a  pair  of  very 
small  rollei-s,  k  k,  and  the  sliver  passes  between  the 
leathers  L  and  M,  joining  the  long  wool  sliver  from  c  c,  and 
both  going  on  to  join  the  short  wool  at  e  e.  In  order  to 
turn  the  beard  represented  by  the  fibres  at  J  so  as  to 
meet  the  rollers  K  K,  a  levolving  brush,  or  star  wheel,  or 
porcupine  roller,  is  placed  at  ii,  or  a  small  comb,  as  shown 
at  T,  which  guides  the  fibres  forward  in  the  same  way  as 
done  by  the  stroker  wheel.  This  patent,  no  doubt, 
makes  rather  less  noil,  and  for  short  tine  wool  that  has 
previously  been  carded  it  will  be  found  useful.  It  has  in 
principle  long  been  applied  to  the  outside  of  the  nip 
comb  circles,  but  never  became  popular.      Mr.   Smith's 
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I^atent,  however,  is  the  application  to  the  insides  of 
circles,  though  the  inside  of  a  !N"oble's  comb  circle 
corresponds  to  the  outside  of  that  of  a  nip  comb.    Where 


Fig.  25. 


the  wool  has  been  prepared  and  not  carded  this  patent 
would  not  be  so  advantageous,  as  it  would  be  apt  to  draw 
■out  shoit  staple  ends  Avhich  had  not  been  properly 
•opened  out. 

100.  Defects  of  Noble's  Combs.— Though  the  Noble 
■comb  is  a  very  good  machine,  it  has  three  defects  which 
must  here  be  pointed  out.  The  first  refers  only  to 
■combing  prepared  wool  on  it,  and  not  to  carded.  How- 
•ever  well  wool  may  be  prepared,  there  will  always  be 
«ome  short  staples  in  it  Avhich  have  not  been  opened  out 
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in  the  boxes.  This  is  especially  the  case  with  skin  wool. 
When  such  wool  is  being  combed  here,  these  short  staples- 
may  very  likely  just  fall  partly  on  each  circle  ;  the  circles 
divide,  and  the  little  circle  may  carry  off  the  short  staple, 
which  is  then  drawn  out  by  the  rollers,  never  being  pro- 
perly opened,  and  in  the  same  state  will  go  right  through 
into  the  top  and  the  drawing.  These  may  be  seen  by 
any  one  who  combs  short  skin  wool  on  a  Noble  comb  after 
preparing.  It  is  to  avoid  these  short  staples  that  it  is- 
well  not  to  put  the  long  wool  drawing-off  rollers  too  near 
the  circle.  When  wool  is  carded,  of  coui-se  these  are  all! 
opened,  and  the  above  remarks  do  not  apply.  The  second 
fault  is  that  there  must  always  be  a  very  small  space 
between  the  two  circles  at  the  point  where  they  meet» 
The  brass  plates  the  pins  are  set  in  may  actually  touch,  but 
there  is  sure  to  be  a  small  space  between  the  pins  of  each.. 
For  very  fine  work  the  evil  of  this  is  that  that  small  part 
of  the  sliver  which  is  dabbed  between  the  circles  never 
gets  combed  at  all,  and  may  contain  noil  knots.  This  evil 
is  greatly  increased  when  the  dabbing  brushes  are  not  in. 
good  order,  for  then  the  wool  is  never  properly  dabbedi 
down,  and  it  springs  up,  and  noil  knots  are  dragged  over 
the  pin  points,  with  the  inevitaVjle  result  of  bad  work. 
The  third  faidt  is  that  the  less  noil  there  is  made  the 
less  weight  of  wool  is  combed.  It  was  shown  that  the 
more  tlie  rods  T  T  were  pressed  into  tlie  circle,  the  more 
wool  was  dragged  through  the  boxes  off  the  balls  ;  and 
therefore,  the  more  there  was  to  throw  over  the  little 
circle,  the  more  noil  was  made,  and  thus  the  faster  were 
the  balls  nsed.  Reversing  all  these,  it  is  clear  that  the 
less  noil  is  made  the  less  quickly  must  the  wool  be 
dragged  off  the  balls,  and  so  the  slower  will  the  balls  b* 
used,  and  thus  less  wool  will  be  combed.  This  is  a  great 
drawback,  but  it  seems,  like  the  other  two,  unavoidable. 
If  any  one  can  alter  it,  he  will  increase  the  usefulness  of 
the  comb  greatly.  In  spite  of  these  faults,  however,  the 
Noble  combs  are  supplanting  the  nips,  and  the  latter 
will  be  onlv  used  for  the  longest  classes  of  English  wool. 
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101.  Holden's,  or  Square  Motion  Comb. — The  third, 
and  for  fine  Botany  wool,  the  best  comb,  is  the  Holden's 
or  square  motion  comb,  which  owes  its  leading  features 
to  the  mechanical  genius  of  Mr.  Isaac  Holden,  M.P. 
Much  could  be  written  regarding  the  varied  mechanism 
of  this  comb,  but  a  general  outline  must  suffice.  The  two 
drawings  given  of  it  (Figs.  26,  27),  as  made  by  Mr.  John 
Perry,  of  Shipley,  near  Bradford,  show  it  from  opposite 
sides  standing  empty.  The  wool  is  placed  in  balls  or  cans 
on  the  floor  behind  the  rollers  A,  which  receive  it  in  two 
thick  slivers.  One  of  these  is  placed  between  the  second 
feeding  rollers  B  B,  which  work  at  a  slow  speed.  Pro- 
jecting from  these  are  brushes,  C  C,  and  the  sliver,  as  it 
passes  through  the  rollers  b,  lies  just  under  these  brushes. 
The  two  pairs  of  rollers  b  b  work  on  the  same  shaft,  but 
on  two  large  eccentric  wheels  placed  at  E,  which  make 
them  move  backwards  and  forwards  alternately,  as  if  a 
man  were  beating  the  air  by  throwing  out  his  arms  for- 
wards one  after  the  other.  Their  object  in  doing  this, 
however,  is  to  comb  the  wool  on  to  the  main  circle  D.  The 
front  of  the  roller  comes  very  near  to  the  circle,  lays  the 
wool  on  it  by  the  brush  c  pressing  it  down,  then  retires, 
drawing  the  wool  it  carries  through  the  pins  of  the  circle, 
and  consequently  leaving  one  combing  of  wool  in  it,  with 
the  noil  projecting  in  the  inside  of  it.  As  the  circle 
revolves,  fresh  layers  of  wool  are  placed  on  it ;  so  that  a 
continuous  fringe  is  carried  round.  This  is  the  first  comb- 
ing operation,  and  clears  the  wool  of  all  its  larger  knots. 
The  circle  is  made  with  only  two  rows  of  pins,  one  veiy 
fine  at  the  front,  and  one  coarse  behind.  It  travels  round 
till  it  comes  to  the  pressing-knife  and  squai'e  motion.  The 
former  is  a  double  plate  of  thin  steel,  which  works  up 
and  down,  pressing  the  wool  into  the  front  row  of  circle 
pins,  one  plate  being  in  fi-ont  and  the  other  behind.  It 
is  worked  with  much  strength  of  pressure  by  a  motion 
similar  to  that  which  works  the  nil)  of  the  nip  comb, 
and  it  presses  very  tightly  down  on  to  the  brass  of  the 
circle.     In  consequence  of  the  action  of  the  si)ring  K  the 
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pressing  plate  is  carried  forward  with  the  circle  a  couple 
of  inches  or  so,  and  thus  there  is  no  danger  of  it  cutting 
the  wool  as  there  would  be  if  it  were  stationary  and  let 
the  wool  s\iY>  under  it.  During  this  time  the  square  motion 
is  acting.  This  is  simply  a  set  of  seven  fallers,  straight 
at  the  ends,  but  with  a  concave  curve  in  the  middle  to  tit 
just  into  the  convex  curve  of  the  circle.  These  fallers 
are  alternately  3  up  and  4  down,  and  4  up  and  3  down. 
They  are  rather  more  than  an  inch  wide,  and  coveied 
entirely  with  steel  pins  set  as  closely  as  possible.  As  each 
rises  up  it  receives  on  its  pins  all  the  wool  which  was 
projecting  outside  the  circle.  As  the  fallers  rise  at  tho 
rate  of  about  100  per  minute,  their  pins  pass  rapidly 
through  the  wool  and  comb  it  as  they  travel.  The 
brush  H  is  on  a  rocking  shaft  with  an  eccentric 
motion,  the  result  of  which  is  that  it  keeps  brushing  the 
wool  over  the  faller  points.  The  brush  and  fallers  would 
indeed  carry  off  all  the  wool  from  the  circle  were  it  not 
for  the  pressing-knife,  which  holds  it  back.  As  it  is,  all 
the  wool,  except  just  what  is  in  the  circle  and  closo 
to  it,  is  combed,  and  drawn  through  the  faller  pins  f  f. 
The  fallers  work  in  a  manner  similar  to  those  in  a 
gill  box,  though  the  mechanism  is  entirely  different,  and 
those  at  the  top,  of  course,  travel  away  from  the  circle,^ 
as  tliey  comb  the  wool  held  in  it  at  the  same  time. 
The  noil  and  other  fibres  which  the  fallers  have  combed 
out  are  removed  from  them  by  a  little  comb  as  they  drop,, 
and  as  these  accumulate,  they  are  tumbled  over  the  rod 
at  the  back  into  a  can,  and  are  at  once  recarded.  Three 
fallers,  jjj,  are  shown  in  Fig.  26,  reared  up  against 
the  comb,  and  the  curve  in  the  centre  to  fit  the  circle 
will  be  seen.  A  very  important  part  now  comes  into 
operation,  namely,  tlie  intersecting  comb,  l  l  l.  The 
object  of  this  is  to  secure  the  perfect  combing  of  that 
part  of  the  wool  which  lies  close  to  the  circle  on  the  out- 
side, and  whicli  the  fallers  of  the  square  motion  have 
not  been  able  to  reach  owing  to  the  pressing  knife.  It 
is  much  the  same  as  in  the  Noble  comb,  where  there  is- 
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always  a  little  space  between  the  large  and  small  circles 
which  never  gets  combed  at  all.  By  the  intersecting  comb, 
however,  this  defect  is  easily  remedied.  It  is  made  in 
sections  of  about  a  foot  long,  and  travels  all  round  the 
comb,  for  about  three-quarters  of  the  time  being  raised  up 
on  a  high  slide  and  steam  chest,  thus  allowing  it  to  clear 
the  circle  when  the  feeding  rollers  and  pressing  plate  are 
at  work.  But  as  soon  as  the  sections  of  this  comb  reach 
the  right  hand  extremity  of  the  high  slide,  they  begin  to 
descend,  with  the  points  of  the  pins  downwards,  and  pro- 
jecting slightly  beyond  the  outer  row  of  pins  in  the  large 
circle,  so  that  by  the  time  any  part  of  the  main  circle  is 
opposite  the  drawing-off  rollers,  a  part  of  the  intersecting 
circle  is  between  the  two.  To  get  the  full  benefit  from 
this,  the  wool  is  pushed  from  the  bottom  of  the  pins  of 
the  main  circle  nearly  to  the  top,  and  it  thus  enters  the 
pins  of  the  intersecting  comb.  This  is  done  by  a  small 
vertical  rod  which  moves  quickly  up  and  down  with  a 
plate  on  the  top  of  it ;  it  simply  pushes  the  wool  up 
from  the  pins  of  the  main  circle.  The  drawing-off 
rollers  then  catch  all  the  wool  tliey  can  and  draw  it  off 
combed.  It  has  really  gone  through  three  combings. 
First,  when  the  feeding  rollers  B  and  brush  C  combed  it 
through  the  main  circle  ;  second,  when  the  fallers  of  the 
square  motion  combed  all  the  fringe  which  lay  outside 
the  circle  ;  and  third,  when  the  drawing-ofi"  rollers  caught 
the  wool  thus  combed,  and  drew  the  remainder  through 
the  pins  of  the  main  circle  and  intersecting  comb.  By 
this  means  every  part  of  the  fibre  is  thoroughly  combed. 

102.  Bailey's  Noil  Motion. — The  drawing-ofi"  rollers 
are  variously  made.  In  Figs.  26  and  27  they  are 
concealed  by  heavy  wheels  which  are  now  no  longer 
needed ;  in  other  combs  they  are  driven  in  a  much  more 
open  way ;  but  they  are  merely  simple  rollers  with  a 
coiler  attached  for  very  short  wool  The  circle  now 
passes  the  i-ollers  and  the  intersecting  comb  has  to  rise 
again,  as  shown  by  l\  in  Fig.  27,  to  its  higher  level. 
Before  it  does  so  a  little  comb,  not  here  shown,  combs 
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all  the  noil  out  of  it  back  on  to  the  main  circle,  so  sa  to 
have  the  foi-mer  quite  free  of  noil  for  its  next  round. 
The  noil  is  then  taken  out  of  the  circles  by  knives,  and 
drops  down  the  slide  into  a  can.  A  groat  improvement 
has,  however,  been  made  at  this  point  by  Mr.  Isaac 
Bailey,  commission  wool  comber  at  Keighley  ;  it 
makes  much  less  noil  than  any  other  comb  can 
work  with,  and  yet  the  clearness  of  the  top  is  no  way 
affected,  because  it  has  all 
been  drawn  off  previously. 
At  about  the  place  where  the 
slide  N  is  placed  Mr.  Bailey 
has  another  circle  of  one  row 
of  pins  revolving  in  the  op- 
posite direction  from  the  large 
circle,  thus  (Fig.  ^8),  but 
turned  upside  down,  that  is, 
with  the  pins  pointing  down- 
wards, and  just  set  so  that 
they  are  exactly  above  the  pins 
of  the  Jarge  circle.  A  little 
comb  works  up  and  down 
quickly,  and  pushes  the  noil 
from  the  large  circle  on  to 
the  small  one.  The  position 
of  the  noil  is  now  reversed. 
What  was  outside  the  large  circle  is  inside  the  small  one, 
and  vice  versa;  consequently  all  the  long  hairs  which 
inevitably  remained  outside,  or  at  the  back  of  the  pins  of 
the  large  circle,  are  now  outside  the  little  one.  These 
are  caught  and  pulled  off  quite  close  to  the  circle, 
and  thus  separated  from  the  noil,  in  which  nothing  is 
left  but  the  very  shortest  fibres.  These  in  turn  are 
combed  out  by  a  vertical  comb  moving  quickly  up  and 
down,  and  fall  into  a  can.  The  longer  hairs  previously 
di-awn  off  are  carded  over  again  and  next  time  may  pass 
into  the  top.  This  ingenious  invention,  which  is 
patented,  reduces  the  noil   by  one  half    when  wool  of 
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four  or  five  inches  long  is  being  combed,  but  when  the 
material  is  very  short  Botany,  the  advantage  is  not  so 
great. 

103.  Advantages  of  Holden's  Comb. — This  comb, 
though  at  first  appearing  complicated,  is  very  simple  in 
its  working  and  not  liable  either  to  accidental  stoppages 
or  to  wearing  out  quickly.  It  is  also  less  expensive  to  keep 
up  than  a  Noble  comb,  as  it  has  not  the  small  drawing- 
off  leathers,  and  its  one  brush  (Fig.  26,  h)  does  not  wear 
out  nearly  so  fast  as  the  two  dabbing  brushes  of  the  other 
machine.  It  also  requires  less  power  to  drive  it.  It  is 
not  well  suited  for  long  or  even  medium  wool,  and  there- 
fore is  not  so  much  used  in  the  English  worsted  trade 
as  the  Noble.  It  is  confined  to  commission  combers  and 
Botany  spinners.  If  long  wool  were  to  be  dragged 
through  the  pins  of  the  square  motion  fallers,  the  power 
required  would  be  very  great,  and  the  fibres  would  be 
seriously  broken.  But  there  can  be  no  doubt  as  to  its 
advantages  for  Botany  wool. 

104.  Other  Combs. — There  are  also  other  combs, 
notably  Messrs.  Little  and  Eastwood's,  made  by  Piatt 
Brothers,  and  much  recommended  by  them.  Heilmann's 
comb  is  largely  used  in  France  for  very  short  Botany,  but 
is  not  popular  in  England  ;  it  has  the  merit  of  being  very 
small  and  light,  and  of  doing  thoroughly  good  work. 
There  is  also  a  little-known  comb,  made  by  Mr.  King, 
wool  comber,  of  Bradford,  which  is  well  adapted  for 
combing  short  wool  such  as  East  India  ;  but  all  these  and 
others  it  is  impossible,  within  the  limits  of  this  book,  to 
describe. 

105.  Balling  or  Top-Making. — One  other  process 
follows  combing  which  all  systems  have  in  common, 
namely,  balling,  or  making  into  "tops."  After  leaving 
the  comb,  the  slivers  are  put  up  at  the  back  of  a  can  gill 
box  to  be  straightened  and  levelled,  and  the  cans  from  it 
are  put  up  at  the  back  of  the  balling  box.  This,  as 
will  be  seen  from  Fig.  29,  is  an  ordinary  gill  box ; 
but  instead  of  the  sliver  running  into  a  can,  it  is  wound 
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on  to  a  ball,  which  is  made  on  a  bobbin  lying  between 
the  upright  guides,  A,  and  on  the  rollers,  B.  As  this 
balling  head  moves  from  side  to  side  quickly,  the  ball  is 
made  by  the  sliver  constantly  passing  from  side  to  side. 
Some   spinners,    who    are   very   particular,    wind   their 


Fig.  29, 


combed  wool  direct  on  to  large  bobbins  instead  of  on  to 
balls,  which  has  the  advantage  of  keeping  it  much 
smoother.  It  is,  of  course,  a  much  more  expensive  way 
at  the  beginning  ;  but  whatever  tends  to  make  work  better 
in  quality  and  to  prevent  waste  is  a  distinct  gain  and 
should,  if  possible,  be  adopted. 
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DRAWING. 

1 06.  Principle  of  Drawing. — After  combing,  the  next 
operation  is  drawing.  There  are  three  principal  methods 
of  drawing :  open  drawing,  cone  drawing,  and  French 
drawing.  The  first  can  be  used  for  either  long  or  short 
wool,  according  to  the  style  of  machines  and  sizes  of  their 
rollers,  &c. ;  the  other  two  are  only  used  for  short  wool  or, 
at  the  most,  wool  of  medium  length.  The  principle  of 
drawing  is  very  simple.  It  is  merely  to  reduce  a  thick 
sliver  or  a  number  of  slivers  of  wool  down  to  one  so 
small  that  it  can  be  spun  into  a  thread  without  an  exces- 
sive draft,  and  at  the  same  time  to  level  it  so  that  the 
thread  will  be  all  one  thickness.  This  is  done,  and  can 
only  be  done,  by  a  pair  of  back  rollers  revolving  slowly 
drawing  the  wool  in  and  feeding  a  pair  of  front  rollers 
which  revolve  quickly,  and  which  draw  the  wool  out. 
This  operation  is  repeated  a  sufficient  number  of  times, 
with  an  appropriate  number  of  doublings,  till  the  wool  is 
brought  down  to  something  like  a  pith,  called  the  roving, 
when  it  is  ready  to  be  spun.  All  sorts  of  drawing  do 
this,  but  there  are  other  differences  in  their  methods 
which  require  our  attention. 

107.  Drafting  Twice  the  same  Way. — In  addition  to 
the  principle  of  drawing  which  is  common  to  all  methods, 
there  is  a  point  which  is  of  importance  alike  to  all, 
regarding  the  direction  in  which  slivers  of  wool  should 
be  drafted.  When,  the  overlooker  receives  his  tops,  or 
balls  of  combed  wool,  which  may  either  be  all  one  quality, 
or  mixed  as  may  be  needed  for  any  given  sort  of  yarn, 
he  first  unwinds  them  into  cans,  and  it  is  necessary 
that  they  should  be  unwound  from  the  centre  and  not 
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from  the  circumference,  so  that  they  may  be  drafted  in 
the  opposite  direction  from  that  in  which  they  were 
drafted  by  the  balling  box.  It  must  be  remembered,  as 
the  first  elementary  rule  in  drawing,  that  a  sliver  must 
never  be  drafted  twice  running  in  the  same  direction,  i.e., 
with  the  same  end  first ;  for  if  this  be  done  it  will  run  the 
risk  of  being  more  or  less  twitted,  or  alternately  thick  and 
thin.  This  seems  very  curious  at  first,  but  the  reason 
is  clear.  Take  two  straight  lines  A  ZZ^ZZZIIZZZIIIIIZ  B 
to  represent  any  length  of  slivers,  say  50  yards.  These 
are  passed  through  a  box,  either  with  or  without  fallei-s, 
and  drawn  out  with  the  ends  A  first,  and  with  6  of  a  draft 
into  300  yards  of  sliver,  just  one-third  of  the  thickness 
of  either  of  the  original  two.  Draw  this  one  again,  still 
with  the  end  A  first,  and  again  with  6  of  a  draft,  and  it 
will  give  1,800  yards,  or  36  times  the  original  length  of 
50  yards.  Therefore,  it  is  just  the  same  in  effect  as 
putting  36  of  a  draft  into  the  first  box  and  drawing  it 
all  at  once.  Such  a  draft  would,  of  course,  be  too  much 
for  any  wool  and  w*ould  make  the  sliver  twitty.  But  if 
in  the  second  box  the  end  B  is  put  first,  the  end  will 
come  out  to  1,800  yards  perfectly  smooth  and  level, 
because  it  is  drafted  in  the  opposite  direction  each  time. 
It  has,  no  doubt,  still  been  drafted  to  -^  thickness  of 
what  it  was  at  first,  but  the  pull  has  not  been  all  one 
way  of  the  fibres;  there  has  been  a  pull  of  6  one  way  and 
of  6  the  other,  and  the  fibres  have,  relatively  to  each 
other,  moved  first  forwards  and  then  backwards  instead 
of  very  violently  all  forwards.  It  is  the  moving  back 
again  in  the  second  drafting  that  keeps  the  sliver  level ; 
and,  therefore,  the  tops  must  be  unwound  into  cans  from 
the  centre,  so  that  the  outside  end  may  go  through  the 
can  gill  box  first.  If,  instead  of  using  cans,  the  tops  are 
unwound  from  a  creel,  which  many  prefer,  they  must  be 
unwound  from  the  outside,  as  in  this  case  the  end  of  the 
sliver  is  fed  directly  into  the  gill  box  from  the  top. 

108.  Open  Drawing. -^We  will  take  first  open  draw- 
ing for  ordinaiy  English  wool  from  8  to  1 2  inches  long. 
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It  consists  usually  of  six  operations  :  (1)  the  can  gill  box  ; 
(2)  the  spindle  gill  box  ;  (3)  the  4-spindle  drawing  box  ; 
(4)  the  6-spindle  weigh  box  ;  (5)  three  6-spindle  finishing 


Fig.  30. 

boxes  ;  and  (6)  the  dandy  roving  boxes  arranged  m  any 
number  of  spindles  and  boxes  that  are  convenient. 

The  set  of  drawing  naachines,  of  which  we  gi^-e 
diagrams  (Figs.  30 — 32),  is  as  made  by  Prince  Smith 
and  Son,  of  Keighley,  and  is  of  the  best  construction. 
The  can  gill  box  here  shown  (Fig.  30)  is  a  double 
one  ;  that  is,  the  fullers  are  divided  as  shown  below, 
the  can,  n,  is  also  divided  up  the  middle,  and  the 
rollers,  b,  c,  and  R,  are  in  double  sets,  and  also  the  press- 
rollers,  p.      Five  or  six  tops  are  put  up  at  each  half  box 
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and  drawn  through  the  box,  precisely  in  the  same  way 
as  in  the  preparing  gill  boxes,  formerly  described  at 
length.  They  go  in  at  the  back  rollers,  b,  travel  forwards 
in  the  fallers,  of  which  f  f  is  one,  are  drawn  out  by  the 
front  rollers,  c,  and  y)ass  through  the  press-rollers  into 
the  can.  The  top  rollers,  r,  are  for  leather  aprons  to 
run  round.  The  front  rollers,  c,  both  top  and  bottom, 
are  made  of  iron.  If  they  ran  uncovered  as  the  back 
rollers  do,  their  greater  speed  would  make  them  cut  the 
wool,  and  wear  themselves  out.  An  endless  leather 
sheet  must,  therefore,  run  between  them,  and  round  one 
of  them.  In  preparing  boxes  it  always  runs  rotmd  the 
bottom  one,  its  other  extremity  runs  round  a  wooden 
roller  below  ;  but  in  this  and  the  next  box  the  leathers 
run  round  the  upper  rollers  and  also  round  R  R,  as  being 
the  more  convenient  position.  In  some  boxes,  instead  of 
the  upper  iron  roller,  c,  and  the  wooden  one,  R,  there  is 
a  large  heavy  solid  roller,  covered  with  leather ;  but  the 
box  as  here  shown  is  the  best,  as  it  is  possible  by  it  to 
get  the  nip  of  the  rollers  closer  to  the  fallers  than  in  the 
other  way. 

109.  Two-Spindle  Gill  Box.  ~  The  second  box 
(Fig.  31)  is  similar  in  every  respect  save  one,  and 
that  is  that  the  sliver  when  drawn  through  the 
rollers  is  wound  on  to  two  large  bobbins  14  inches 
by  9  inches  of  inside  measurement.  In  the  gearing 
of  wheels  and  method  of  finding  out  and  altering 
the  draft,  these  two  boxes  are  just  like  preparing 
boxes,  but  in  their  working  there  is  one  important  dif- 
ference. There  must  be  no  draft  between  the  fallers 
and  back  rollers.  If  there  were,  the  end  would  not  be  so 
even,  especially  if  a  short  top  be  mixed  among  a  number 
of  long  ones.  The  back  rollers  should  be  set  back  some 
way  from  the  fallers,  the  distance  depending  on  the  length 
of  the  wool,  and  the  wool  should  just  be  tight  enough  to 
lie  nicely  in  the  pins  without  being  stretched.  All  the 
draft  is  done  by  the  front  rollers.  As  the  sliver  is  wound 
round   the  bobbin  a  little  twist  is  put  in  by  the  flyer, 
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which  is  a  cross  bar  with  two  side  wings  hanging  down, 
and  is  fixed  to  the  spindle.     The  sliver  passes  through  a 


Fig.  31. 


ring  at  the  top  of  the  vertical  part  or  wing  of  the  flyer, 
is  wound  round  one  of  the  wings  once  or  twice  to  lessen 
the  drag,  and  then  passes  through  another  ring  on  to  the 
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bobbin,  as  shown.  The  twist  is  regulated  by  the  speed 
of  the  spindle  relatively  to  the  speed  of  the  front  rollers  ; 
the  faster  they  deliver  the  end  of  sliver  the  less  twist  can 
the  spindles,  at  any  given  speed,  put  into  it.  The  spindles 
are  driven  by  belts  round  w  w  from  a  shaft  seen  at  the 
back  of  the  box.  The  amount  of  twist  needed  for  this 
thick  slubbing,  as  it  is  now  called,  is  very  small,  a  fraction 
of  a  turn  per  inch  being  enough.  The  slubbing  should 
be  strong  enough  to  pull  out  easily  when  stretched  by  the 
hands.  Of  course,  strong  loose  wools,  and  wool  with  no 
oil  on,  need  more  twist  than  fine  wool,  cr  wool  well  oiled, 
110,  Varying  Speed  and  Drag  of  Bobbin. — The  bob- 
bins move  up  and  down  the  length  of  the  spindle  on  a 
lifter-plate  worked  by  the  "  mangle  wheel "  L,  and 
are  thus  evenly  filled.  This  lifter,  in  all  the  opera- 
tions of  ope7i  drawing,  goes  at  the  same  speed  ia  any 
given  box,  no  matter  whether  the  bobbin  be  full  or 
empty.  Therefore,  there  is  just  the  same  length  of  slub- 
bing wrapped  round  an  empty  bobbin  for  each  rise  or  fall 
of  the  lifter  as  round  a  full  one.  But  the  diameter  of  the 
barrel  of  an  empty  bobbin  is  in  this  box  three  inches, 
while  the  diameter  of  the  bobbin  head  or  of  a  full  bobbin 
is  9  inches,  the  respective  circumferences  being  9'4  and 
28  "2;  therefore  a  full  bobbin  must  revolve  faster  than  an 
empty  one,  to  let  its  greater  circumference  keep  up  with 
the  rate  of  delivery  of  the  slubbing.  Between  these  two 
points  the  speed  is  constantly  increasing.  If  the  speed 
did  not  increase  from  what  it  is  at  first,  the  slubbing 
would  break  in  its  effort  to  get  round  the  greater  circum- 
ference in  the  same  time  ;  but  instead  of  that,  it  drags 
the  bobbin  (which  is  quite  loose  and  free  on  the  spindle) 
round  with  it.  By  watching  a  box  running  this  will  be 
seen  in  a  few  minutes ;  but  the  point  is  worth  noting 
here,  and  we  shall  refer  to  it  again  when  considering  cone- 
drawing,  the  object  of  which  is  to  regulate  the  drag  and 
speed  of  the  bobbins.  To  regulate  the  drag  of  bobbins 
in  open  drawing,  large  cloth  washers  are  put  between  the 
bottom  of   the  bobbin  and  the  lifter-plate.     The  larger 
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these  are  the  heavier  the  drag.  Also  the  heavier  and 
fuller  the  bobbin,  the  greater  the  drag,  because  the  greater 
weight  makes  greater  friction  at  the  bottom.  Therefore, 
as  the  bobbin  becomes  fuller,  it  both  goes  faster  and  yet 


Fig.  32. 


offers  more  resistance  to  its  motion.  For  very  short  loose 
wool  this  is  a  great  drawback,  and  it  is  to  remove  this 
defect  that  cone-drawing  is  often  used. 

111.  Open  Drawing  Boxes. — The  third,  fourth,  and 
fifth  boxes  are  very  similar  to  each  other.  A  drawing  of 
the  fourth  is  given  in  Fig.  32. 

Five  bobbins  are  taken  from  the  second  box  and  put 
up  in  the  creel  at  the  back  of  each  spindle  of  the  third 
box,  and  the  five  ends  are  drawn  out  into  one  rather 
thinner  than  any  of  the  five.  Four  of  these  are  taken  and 
put  up  per  s])indle  at  the  fourth  or  weigh  box  here  shown, 
and  drawn  again  into  one  still  thinner.  Four  of  these  are 
again  taken  to  the  back  of  the  finisher  and  drawn  into 
one  thinner  still,  and  two  of  these  finishing  bobbins  are 
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finally  put  at  the  back  of  the  rover,  and  drawn  into  one 
thin  roving  ready  for  spinning.  All  these  drawing-boxes 
differ  from  the  fii'st  two  in  having  no  screws  and  fallers ; 
they  have  only  rollers,  back  and  front  as  before,  and  two 
rows  of  carrier  rollers  in  between,  which  steady  the  wool, 
and  run  a  very  little  faster  than  the  back  rollers,  but  have 
nothing  to  do  with  the  draft.  The  draft  is  direct  from  the 
front  rollers  to  the  back  ones.  The  top  front  I'oller  is  solid 
and  covered  with  leather,  and  the  bottom  ones  instead 
of  being  deeply  fluted  are  nearly  smooth,  but  with 
shallow  little  flutes  cut  in  them.  The  method  of  altering 
the  draft  is  the  same  as  in  spinning  frames,  and  will 
be  discussed  at  length  when  we  come  to  them ;  we  need 
only  say  here  that  it  is  altered  by  changing  the  speed  of 
the  back  rollers,  and  not  that  of  the  front  ones.  The 
change  wheel  at  the  end  of  the  front  roller  shaft  is  a 
driver,  driving  the  back  roller  wheel  by  an  intermediate 
wheel.  The  larger  it  is  the  more  speed  will  the  back 
roller  obtain,  and  if  the  back  roller  goes  faster  while  the 
front  roller  is  the  same,  there  will  be  less  draft.  There- 
fore a  larger  change  wheel  gives  less  draft  to  the  box, 
but  more  speed  to  what  it  drives,  viz.,  the  back  rollers. 
The  danger  of  confusing  drafts  and  speeds  is  great.  Over- 
lookei's  are  too  apt  simply  to  remember  that  for  the 
change  wheel  "more  gives  less,"  without  thinking  of  the 
principle  on  which  it  works.  In  these  boxes  the  exact 
twist  does  not  matter;  it  is  better  to  be  guided  by  feeling 
how  easily  the  slubbing  will  stretch  than  by  counting  the 
exact  fraction  of  a  turn  per  inch ;  but  it  is  altered  by 
changing  a  wheel  on  the  lower  back  shaft  s,  which  drives 
the  spindles  by  the  pulleys  w  w. 

112.  Knocker-off  Motion. — The  most  important  point 
in  these  three  boxes  is  the  length  of  slubbing  put  on  to 
the  bobbins  at  the  4th  or  weigh  box.  At  the  first  or  can 
box,  the  length  is  also  regulated  and  fixed,  and  the  cans 
weighed  and  balanced ;  but  here  it  is  done  more  closely 
The  apparatus  by  which  it  is  regulated  is  at  k.  On  the 
front  roller  is  a  woiin-wheel  with  a  toothed- wheel,  say  a 
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17,  being  turned  by  it  at  the  rate  of  one  tooth  for  each 
revolution  of  the  roller  and  worm.  This  wheel  is  on  the 
little  shaft  r,  at  the  lower  end  of  which  is  another  worm, 
which  revolves  once  for  each  revolution  of  the  17  wheel, 
i.e.,  once  for  each  17  revolutions  of  the  front  roUei'.  It 
drives  a  60  wheel.  This  60  has  on  its  axis  an  18  or  any 
other  wheel  (for  it  is  the  change  wheel),  and  this  drives 
another  60,  through  a  single  stud  intermediate  wheel, 
which  does  not  affect  the  matter.  On  this  last  60,  which 
is  called  the  "knocker-off  wheel,"  is  a  catch  which,  when 
it  reaches  a  certain  point,  acts  on  the  stop-rod  of  the  box, 
and  throws  the  belt  on  to  the  loose  pulley.  This  it  does 
after  one  complete  revolution.  To  find  the  length  of 
slubbing  delivered  during  one  revolution  of  this  wheel, 
we  must  classify  together  in  one  group  those  wheels,  &c., 
which,  if  increased,  would  cause  it  to  run  at  a  greater 
speed  ;  and  into  another  group  those  which,  if  increased, 
would  cause  less  speed.  The  former  are  "  drivers,"  the 
latter  "  drivens."  We  find  the  two  worms  and  the  18  are 
"  drivers ;"  for  if  the  worms  were  increased  into  double 
worms,  i.e.,  turning  the  wheels  in  them  two  teeth  per 
revolution,  they  would  give  more  speed.  The  17  and  two 
60's,  if  increased  give  less  speed,  and  are  "  drivens."  The 
front  roller,  which  we  will  take  at  5-inch  diameter,  if 
increased  in  circumference,  would  give  greater  length  of 
slubbing  per  one  revolution  of  the  knocker-off  wheel ; 
diminishing  the  speed  of  the  knocker-off  and  the  other 
"  drivens "  will  also  give  greater  length  of  slubbing. 
Therefore  the  calculation  stands 

17  X  60  X  60  X  15-7in.        ,„  ,0^  •  ,  .q.,    .      „..     .-• 
T^ =  53,380  in.  =  1,482  yds.  2  ft.  4  m. 

1    X    1    X    lo 

on  each  bobbin.  The  bobbins  are  all  previously  made  to 
weigh  alike,  and  therefore  any  difference  when  full  is  due 
to  irregular  slubbing,  and  the  bobbins  are  weighed  and 
paired  to  make  them  as  nearly  alike  as  possible.  This 
weighing  is  often  done  in  another  box  as  well,  and  it  cer- 
tainly cannot  be  done  too  often  to  ensure  good  level  yarn. 
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113.  Roving  and  Size  of  Bobbins. — From  .  the 
finishing  box  the  bobbins  are  taken  to  the  roving 
boxes,  and  two  ends  are  drawn  into  one ;  the  operation 


Fig.  Si. 

being  just  the  same  as  in  the  drawing.  As  the  bobbins 
are  small,  6  in.  x  3i  in.,  sometimes  as  many  as  30  are 
put  in  one  box  or  frame,  but  this  is  merely  a  matter 
of  convenience.  In  Fig.  33  there  are  only  8.  The 
finishing  bobbins  are  in  this  case  put  on  pegs  in- 
stead of  on  a  creel.  The  twist  needed  for  rovings 
depends  on  several  things.  If  they  are  to  be  spun  new, 
more  is  needed  than  if  they  are  to  be  laid  aside  for  a 
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time,  as  they  become  stiff  with  age.  Small  rovings  need 
more  twist  tlian  thick  ones.  About  one  turn  per  inch  is 
a  common  amount  of  twist ;  but  no  rule  can  be  given.  The 
sizes  of  bobbins  for  English  wool,  except  the  very  shortest, 
are  usually  as  follows:  Second  box,  14  x  9  ;  third  box, 
14x9;  fourth  or  weigh  box,  12x8;  finisher  11x6; 
rover,  6  x  3|.  These  two  last  can  be  very  largely 
increased  with  great  advantage  for  all  counts  of  yarn 
except  the  finest,  and  for  thick  counts  {i.e.,  20  and 
below)  the  larger  they  are  the  better.  For  all  these 
boxes  the  bottom  front  rollers  are  usually  five  inches  in 
diameter,  but  for  long  lustre  wool  they  are  often  six. 
For  short  wools  they  are  three  or  four  inches. 

114.  Botany  Open  Drawing. — The  principles  on  which 
Botany  wool  is  drawn  are  just  the  same  as  the  foregoing, 
but  there  are  nine  operations  instead  of  six.  The  follow- 
ing are  the  dimensions  and  number  of  boxes  of  the 
newest  sets  of  Botany  drawing  made  by  Prince  Smith  and 
Son : — 1st,  two  double  can  gill  boxes  ;  2nd,  two  two- 
spindle  gill  boxes ;  3rd,  four-spindle  drawing  box, 
bobbins,  14  x  9 ;  4th,  six-spindle  weigh  box,  bobbins, 
14  X  8;  5th,  eight-spindle  drawing  box,  bobbins, 
14  X  7  ;  6  th,  two  eight-spindle  drawing  boxes,  12  x  6  ; 
7th,  two  24-spindle  finishers,  9  x  4|,  or  8  x  4 ;  8th 
three  30-spindle  reducers,  -6  x  3| ;  9th,  nine  30-spindle 
rovers,  5x3.  This  is  a  large  set  quite  complete.  It 
is  necessary  to  have  a  great  many  reducer  and  roving 
spindles,  because  for  any  fine  Botany  yarn,  such  as  60's 
and  above,  the  rovings  must  be  very  small ;  indeed,  it 
may  be  said  that  the  spinning  is  partly  done  in  the 
roving.  The  front  rollers  of  these  boxes  are  3  or  2^ 
inches  in  diameter  as  may  be  required,  and  the  entire 
set  is  on  a  lighter  scale  than  for  heavy  English  wools. 

115.  Drawing  without  Gills. — In  both  these  sets  of 
drawing  there  are  gill  boxes  for  the  first  and  second 
operations,  as  they  are  better  for  mixing  the  different 
sorts  of  tops  that  may  be  used  than  are  "  open  boxes," 
i.e.,  boxes  without  screws  and  fallers.    For  certain  classes 
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of  work,  however,  these  boxes  are  dispensed  with,  and 
open  boxes  used  througlioiit.  The  sorts  referred  to  are 
low  carded  wools  for  coarse  carpet  yarn  and  knicker- 
bocker  yarn,  a  class  of  yarn  which  a  few  years  ago  was 
largely  used,  and  was  made  by  mixing  silk  noils  with 
combed  wool,  by  means  of  passing  them  through  a  card. 
Now  these  two  sorts,  though  very  different,  have  this 
in  common,  that  they  are  filled  with  short  fibres  of  noil, 
the  former  being,  of  course,  full  of  its  own  short  wool,  or 
noil ;  and  the  latter  of  silk  noil.  If  the  ends  of  the 
carded  balls  of  these  sorts  are  passed  through  gill  boxes, 
the  slivers  which  come  out  will  be  marked  in  bars  across 
with  accumulations  of  noil ;  because  as  the  rollers  draw 
the  wool  out  they  act  like  the  nip  of  the  Lister  comb, 
drawing  the  wool  through  the  fallers,  and  leaving  the 
noil  behind  ;  and  so  when  each  faller  drops  it  leaves  its 
own  accumulation  of  noil,  while  the  space  between  it 
and  the  next  is  comparatively  clear.  By  putting  veiy 
little  draft  in  the  boxes,  this  noil  can  be  reduced  to 
small  dimensions,  but  it  always  remains,  and  tends  to 
cause  lumps  in  the  yarn.  By  using  open  boxes  entirely 
all  this  plucking  is  prevented,  and  the  silk  noil  and  short 
wool  remain  relatively  just  in  the  places  they  occupied 
when  the  carding  was  taken  from  the  card.  Care  must 
be  taken  not  to  put  much  draft  in  at  first,  because  the 
fibres  are  not  straightened  out,  but  are  lying  in  all 
directions  as  they  are  carded.  Without  gill  boxes  they 
never  get  quite  so  well  straightened  all  the  way  through, 
but  the  gain  in  the  even  distribution  of  the  noil  much 
more  than  compensates  for  this.  For  low  carpet  yarns 
this  method,  with  small  front  drawing  rollers,  will  be 
found  very  successful.  If,  however,  it  is  desired  to  have 
something  to  support  the  wool,  some  spinners  prefer 
"  porcupine  rollers,"  which  take  the  place  of  the  bottom 
carrier.  These  are  small  brass  rollers  studded  with  pin 
points  of  such  length  as  the  class  of  work  may  need,  but 
usually  about  a  quarter  of  an  inch  long.  They  are  set  as 
close  as  possible  to  the  nip  of  the  front  rollers,  and  the  wool 
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travels  over  them,  lying  in  the  pins.  They  are  practically 
endless  fallers,  for  they  hold  and  support  the  wool  like 
fallers,  but  being  made  in  rollers  there  are  no  gaps  such 
as  must  occur  between  each  faller.  By  this  method  the 
plucking  of  slivers  full  of  noil  can  be  also  avoided,  and 
yet  the  short  wool  can  be  supported  up  to  within  a  very 
little  distance  of  the  nip  of  the  rollers.  These  porcupine 
rollers,  as  we  shall  see  later  on,  are  an  essential  part  of 
"French  drawing."  Whether  open  drawing  or  porcu- 
pines be  used,  the  other  operations  of  the  drawing  are 
just  the  same  as  previously  described. 

116.  The  Ratch. — There  are  three  points  which  a 
drawing  overlooker  must  always  keep  mainly  in  view. 
The  first  is  to  have  a  level  slubbing  or  roving  free  from 
lumps  and  twits ;  the  second  is  to  have  the  ratch  of 
the  boxes  set  at  a  suitable  length  for  the  wool ;  and  the 
third  to  have  the  twist  right.  Of  this  last  we  have  already 
spoken,  and  need  say  no  more.  The  first  depends  on 
the  second  almost  entirely,  though  by  too  heavy  a  drag 
short  wool  may  be  made  twitty.  The  ratch  is  altered 
by  moving  the  back  rollers  nearer  to,  or  farther  from, 
the  front  rollers.  The  i-ule  generally  given  is  to  measure 
the  wool  in  the  top  and  set  the  ratch  of  the  drawing 
boxes  to  the  length  of  the  longest  fibres,  so  as  not  to 
break  them,  for  in  every  top  the  length  of  wool  diflfers 
several  inches.  This  is  a  very  great  mistake.  It  is,  of 
course,  undesirable  to  break  any  fibres  where  it  can  be 
helped,  and  it  is  a  good  thing  to  have  all  the  wool  of  as 
nearly  one  length  as  possible  to  make  a  level  yarn.  But 
when  part  of  the  wool  is  long,  say  12  inches,  and  the 
bulk  of  it  from  10  to  8,  the  only  way  to  get  a  sound  level 
roving  is  to  break  the  long  wool,  and  work  at  the  average 
length  of  the  lot.  Therefore  in  the  third  box  the  ratch 
should  be  set  at  1 1  inches  for  such  wool ;  in  the  fourth  box 
at  10  inches ;  and  in  the  finisher  and  weigh  box  at  perhaps 
9^  inches.  This  is  contrary  to  many  preconceived  ideas, 
and  to  much  rule-of-thumb  teaching ;  but  it  is,  neverthe- 
less, the  right  way,  for  what  is  lost   to   the   spinning 
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properties  of  the  wool  by  breaking  the  long  fibres  is 
gained  in  freedom  from  twits,  for  no  yarn  can  spin 
well  when  it  is  twitty.  If  the  ratch  is  set  at  12  inches 
to  suit  the  long  wool,  and  gradually  worked  down  to  11 
only  in  the  roving,  then  the  larger  number  of  fibres  in 
the  slubbing  can  not  be  held  by  either  back  or  front 
rollers ;  thus,  if  the  ratch  be  1 2  inches  and  some  of 
the  wool  be  8,  the  short  fibres  must  travel  4  inches  after 
they  leave  the  back  rollers  before  they  are  caught  by  the 
front  ones,  and  have  thus  no  support  to  prevent  them 
from  being  drawn  too  quickly  through  by  the  front  rollers 
when  caught.  This  defect  can  never  be  wholly  remedied, 
and  all  we  can  do  is  to  reduce  our  ratch  a  little  to  pre- 
vent it  from  being  serious. 

117.  Amount  of  Draft. — The  amount  of  draft  put  in 
is  also  a  point  to  be  watched.  A  common  rule  is  to  put 
in  one  of  a  draft  more  than  the  length  of  the  ratch, — i.e., 
if  the  ratch  be  11,  put  in  12  of  a  draft.  This  may  serve 
as  a  basis  to  work  on,  but  is  really  no  guide.  Long 
lustre  wool  will  stand  a  very  great  draft,  short  wool 
must  have  but  little.  The  rovings  should  not  be  made 
too  thick.  They  are  the  cause  of  many  bad  spins 
and  of  uneven  yarn,  and  it  is  better  to  err  on  the  side 
of  making  them  too  small.  To  got  a  level  roving 
have  as  many  doublings  as  possible.  The  following  are 
usually  found  a  good  number  of  ends  to  put  up  at  the 
backs  of  the  six  boxes  used  in  succession :  6,  6,  5,  4,  4,  2, 
These  all  multiplied  together  give  5,760  doublings.  In 
Botany  with  nine  operations  the  numbers  may  be : 
8,  6,  5,  5,  5,  4,  3,  2,  2,  which  are  equal  to  the  enormous 
number  of  288,000.  When  it  is  remembered  that  there 
have  been  at  least  two  doubling  operations  between  the 
comb  and  the  top  of  say  10  and  6  ends  respectively,  the 
total  doubling  from  comb  to  spinning  amounts  to 
17,280,000. 

118.  Calculations  for  Draft. — Besides  these  various 
points,  it  is  necessary  to  know  how  to  work  a  set  of 
drawing  by  calculating  all  the  drafts  required,  beginning 
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at  either  end  to  obtain  a  desired  result  at  the  otlier. 
Given  the  weight  of  40  yards  of  roving  to  be  10  drauis, 
and  the  number  of  ends  put  up  at  the  back  of  each  box, 
and  the  draft  for  each  box,  it  is  required  to  find  the  weiglit 
of  40  yards  of  sliver  in  the  can  after  the  first  box.  It  is 
more  usual  to  proceed  in  this  way  backwards  to  the  can 
than  foi-wards  from  the  can  to  the  rovings,  because,  accord- 
ing to  the  counts  of  yarn  required,  the  desired  weight 
of  roving  can  be  at  once  determined,  and  therefore  it  is 
necessary  to  find  the  weight  of  the  sliver.  The  rule  is  to 
multiply  the  weight  by  the  draft  and  divide  by  the 
number  of  ends  at  the  back  of  the  box.  The  following 
calculation  in  exteiiso  shows  it : 

10  drains  weight  of  40  yds.  roving 
8-<5  draft  of  rowing  box 


Ends  at  roving  box    .     .    2  )    85 


42.5 
8    draft  of  finisher 


Ends  at  finisher     ...    4  )  840-0 

85 
8     draft  of  weigh  box 

Ends  at  weigh  box     .     .    4  )  680 

170^ 
7     draft  of  drawing  box 

Ends  at  drawing-box     .     5  )  1,190 
2a8 

7     draft  of  2  spindle-box 

Ends  at  2nd  spindle-box     6  )  1,666 

16  )  277-7  drams  in  40  yds.  can 
17-3  oz.         „       „         „ 

Now  510  is  a  good  number  of  yards  in  a  can,  therefore 
we  say,  40  :  510  :  :  17-3  :  220-6  oz.,  or  13-7  lb.  in  each 
of  the  two  divisions  of  the  can.  The  draft  of  the  can  box 
is  then  set  to  give  this,  and  it  can  be  tested  by  weighing 
40  yards  till  the  correct  weight  is  obtained. 

119.  Test  of  Calculations. — To  test  this  in  the  opera- 
tion, and  see  that  the  weight  of  sliver  here  found  really 
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gives  10-dram  rovings,  a  test  may  be  taken  the  other 
way  : — Weigh  40  yards  ofi"  the  third  box,  then  always 
multiply  by  the  ends  at  the  back,  and  divide  by  the 
drafts,  and  the  result  is  as  follows  : 

170 

4      Ends  at  back  of  weigh  box 


Draft  at  weigh  box     8  )  G80 
85 
4      Ends  at  finisher 
Draft  of  finisher  .     .     8  )  340 


42-5 

2      Ends  at  roving 


Draft  of  roving   .     .  8-5)     85-0 

10      Drams,  weight  required. 

The  shortest  way  to  state  these  sums  is  the  same  as  in 
taking  drafts  to  multiply  all  of  each  denomination  to- 
gether and  divide  by  the  proper  one,  thus  : 

10  X  8-5  X  8  X  8  X  7  X  7 


2x4x4x5x6 
170  X  4  X  4  X  2 


=  277-7. 


8x8x8-5 


=  10. 


From  these  two  examples  the  principle  will  be  seen  and 
any  other  weights  may  be  found. 

120.  Gauge  points. — If  in  doubt  as  to  the  weight  of 
roving  required  for  a  given  count  of  yarn  which  must  be 
spun — say,  30's — take  a  suitable  draft,  say  12  ;  then  divide 
the  number  of  yards  in  one  hank  (560)  by  the  proposed 
draft,  and  the  number  of  drams  in  a  pound  (256)  by  the 
counts  of  the  yarn  required  ;  then  the  quotients  respec- 
tively will  be  a  certain  length  of  roving  for  a  certain 
weight,  and  these  can  be  reduced  to  a  more  convenient 
standard  if  need  be.      Let  d  be  the   draft,  and  c  the 

counts  :  then  —  is  to  —  as  the  length  of  roving  is  to 

'DC  ° 

weight  of  the  same;  e.g.,  -yj  =  46-8 ;  -~  =  8-5,  or  46  8 
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t  yards  of  roving  weigh  8 "5  drams ;  as  these  are  awkward 
numbers,  we  can  say,  As  46"8  :  :  8'5  :  40  :  7*26  drams. 

As  40  is  the  fourteenth  part  of  a  hank  of  560  yards, 
it  is  a  convenient  number  to  work  with,  and  does  not 
cause  so  much  waste  in  reeling  to  test  weights.  The 
simpler  method  is  to  use  what  is  called  a  "  gauge  point," 
which  is  a  fixed  number  obtained  by  condensing,  as  it 
were,  the  fi^xed  quantities  in  the  previous  long  process  and 
the  length  chosen,  and  extracting  from  them  their  result. 
For  example  ;  instead  of  the  above  double  calculation  to 
get  the  weight  of  40  yards  of  roving,  we  can  use  the 
gauge  point  for  40  yards,  which  is  obtained  by  multi- 
plying 256  by  the  length  40,  and  dividing  it  by  560 
yards  in  a  hank.  Thus  : — 
256  X  40 


660 


18-3. 


Then  using  18.3  instead  of  its  longer  equivalent,  and 
having  the  counts  30's  and  draft  12,  we  have  : — 

18-3  X   12 
—30—  =  7-3, 

which  is  the  weight  of  the  roving  required.  In 
other  words,  the  draft  multiplied  by  the  gauge  point 
equals  the  count  multiplied  by  the  weight  of  the 
roving;  and  if  any  three  be  known  the  fourth  can 
tlien  be  obtained.  Another  way  of  getting  the  gauge 
point  is  to  divide  560  yards  in  a  hank  by  the  length 
chosen,  say  40  ;  and  then  divide  2/56  drams  in  a  pound 
by  the  quotient,  which  in  this  case  would  be  14,  and 
the  answer,  18-28,  or  18-3,  is  the  gauge  point  for  40 
yards.  We  shall  refer  to  these  rules  again  when  treating 
of  spinning,  for  they  are  as  applicable  to  spinning  as  to 
any  of  the  boxes  in  the  drawing.  The  40  yards  is  an 
arbitrary  length,  and  may  be  altered  at  pleasure.  The 
gauge  point  for  80  yards  would  be  36-6,  and  so  on. 

121.  Corresponding  Speeds  of  Boxes. — The  follow- 
ing two  rules  will  enable  a  drawing  overlooker  to 
tell   whether  his  different  boxes  are  running  at  cones- 
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ponding  speeds,  so  that  any  one  may  properly  supply  the 
next  succeeding  one,  and  also  will  show  whether  the 
drawing  is  keeping  the  proper  number  of  spinning 
spindles  in  work  for  the  rate  at  which  it  goes.  To  tell 
what  number  of  revolutions  the  front  rollers  of  box  A 
must  make  to  supply  the  back  rollers  of  box  B,  let  A  be 
a  4-spindle  drawing-box  with  5-inch  front  rollers,  and  b 
a  6-spindle  weigh-box  with  2^  inch  back  rollers,  making 
12  revolutions  per  minute,  and  with  5  ends  at  the  back 
of  each  spindle  or  head.  Then  multiply  the  diameter  of 
b's  back  roller,  its  revolutions,  and  the  total  number  of 
its  ends  at  the  back  together  (2i  x  12  x  30  =  900)  and 
divide  them  by  the  product  of  the  diameter  of  a's  front 
roller,  and  number  of  spindles  (5x4  =  20);  then  900 
-^  20  =  45  revolutions  of  the  front  roller  of  A.  To 
find  the  number  of  spindles  in  the  spinning  frame  needed 
to  follow  one  spindle  in  any  part  of  the  drawing,  multiply 
the  diameter  of  the  front  roller  of  the  drawing  box  by 
the  number  of  its  revolutions  per  minute,  and  these  by 
the  weight  of  slubbing  delivered  in  the  same  time  (say 
5  X  45  x  200  drams  =  45,000)  and  divide  this  product 
by  the  product  of  the  diameter  of  the  back  roller  of  the 
spinning  frame,  its  revolutions  per  minute,  and  the 
weight  of  roving  taken  in  during  the  same  time  (say  li 
X  5  X  8  drams  =50);  then  45,000  ^  50  =  900  spindles 
of  spinning  for  each  spindle  of  the  drawing  box.  This, 
of  course,  varies  according  to  the  weight  of  roving  and 
slubbing,  and  the  speed  of  the  rollers,  but  the  method  is 
shown  here  which  applies  equally  to  finding  the  number 
of  spinning  spindles,  or  the  number  of  spindles  in  any 
other  operation. 

122.  Advantage  of  Cone  Drawing. — We  have  seen 
that  in  ordinary  drawing  the  bobbin  is  loose  on  the 
spindle,  and  is  dragged  round  by  the  slubbing,  and  that 
the  bobbin  increases  in  speed  as  it  becomes  fuller,  and 
also  increases  in  drag  or  friction,  thereby  subjecting  the 
slubbing  to  a  considerable  strain.  The  lifter  also  moves 
up  and  down  at  a  uniform  rate,  irrespective  of  whether 
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the  bobbin  be  full  or  empty,  so  that  for  each  traverse  of 
the  bobbin  there  is  an  equal  length  wrapped  round  it. 
In  cone  drawing,  which  we  must  now  consider,  all  these 
defects  are  avoided.  The  bobbin  is  fixed  upon  a  peg,  and 
is  turned  round  at  an  increasing  speed  the  fuller  it  be- 
comes ;  the  drag  on  the  slubbing  is  entirely  removed, 
and  the  lifter,  or  builder  as  it  is  called,  moves  more 
slowly  as  each  layer  is  placed  on  the  bobbin,  thus  making 
the  winding-on  more  even,  and  free  from  all  tension. 
For  short  loose  w^ool  this  is  a  very  great  advantage, 
as  there  are  some  kinds,  such  as  low  carpet  wools,  which 
are  apt  to  be  strained  by  the  dragging  of  heavy  bobbins. 
For  drawing  cotton  cone  boxes  are  everywhere  used, 
but  we  shall  note  a  marked  difference  in  one  respect  be- 
tween the  finer  drawings  for  cotton  and  those  for 
woi-sted. 

123.  Principle  of  Cone  Drawing, — Fig.  34  shows 
the  elevation  of  a  4-spindle  cone  drawing  box  as 
made  by  Messrs.  Taylor,  Wordsworth,  &  Co.,  of  Leeds, 
the  chief  makers  of  this  machinery,  and  a  plan 
(Fig.  35)  of  a  12-spindle  box,  kindly  supplied  by  the 
same  firm.  The  top  part  of  the  former  box  consists  of  a 
screw  gill,  similar  in  principle  to  the  open  set  of  drawing, 
but  with  four  sets  of  rollers  instead  of  two.  The  drafting 
motion,  and  the  gills  and  fallers  are,  however,  the  same, 
and  need  no  special  description.  The  winding  of  the 
slubbing  on  to  the  bobbin  is  also  done  in  the  same  way, 
by  the  flyer  and  bobbin  revolving  in  the  same  direction 
at  diflerent  speeds,  the  rate  of  winding-on  being  equal 
to  the  difference  between  them,  and  so  far,  in  its  eftect, 
the  principle  of  this  box  is  the  same  as  that  of  open 
di-awing.  But,  as  we  have  said,  the  bobbin  is  made  to 
revolve  at  an  increasing  speed  as  it  becomes  fuller,  quite 
independently  of  the  flyer  which  here  never  drags  it  at 
all.  The  meclianism  which  effects  this  is  the  "  differential 
motion."  The  varied  speeds  of  the  bobbin  are  obtained 
primarily  from  two  cones,  c  c,  one  of  which  is  called  the 
top  cone,  and  the  other  the   bottom   cone.     The  form(;r 
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drives  the  latter  by  a  belt,  S.     They  are  each  5  inches  in 
diameter  at  the  thick  end,  and    2   inches   at   the  narrow 


one,  and  are  placed  pai'allel  to  each  other,  but  inversely, 
the  thick  part  of  the  one  being  opposite  the  narrow  part 
of  the  other.  Therefore  if  the  belt  be  on  the  thick  part 
of  the  top  one,  which  is  the  driver,  we  have  a  5-inch 
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diameter  driving  a  2  ;  but  if  the  belt  be  at  the  other 
end,  we  have  a  2  driving  a  5,  which  gives  a  vei'y  different 
speed  to  the  bottom  cone.  As  the  top  cone  is  in  direct 
connection  with  the  driving  gear  of  the  box,  its  speSd 
never  alters  ;  but  as  the  belt  guide,  s,  is  shifted  along, 
in  the  direction  shown  by  the  arrow  (Fig.  35),  a  certain 
length  for  each  traverse  of  the  bobbin,  it  is  plain  that 
the  speed  of  the  bottom  cone  must  be  gradually  reduced 
as  the  bobbin  fills ;  and  as  the  belt  is  on  the  thick  end  of 
the  top  cone  when  the  empty  bobbin  is  placed  on  the 
spindle,  the  cones  then  revolve  at  their  greatest  speed. 
The  bottom  cone  is  in  gear,  through  the  wheels  marked  1 
and  1,  with  the  main  wheel  of  the  differential  motion 
called  the  "  crown  wheel,"  or  sometimes  the  "  plate  wheel," 
marked  2.  The  difTerential  motion  is  also  called  the  "sun 
and  planet  motion,"  because  the  large  crown  wheel  re- 
volves round  two  smaller  bevelled  wheels  which  also 
turn  inside  it.  The  analogy  is  not,  however,  a  correct 
one,  for  obvious  reasons.  The  crown  wheel,  as  stated, 
has  two  small  intermediate  bevel  wheels,  4  4,  inserted 
one  on  each  side  of  and  parallel  to  its  axle.  The  re- 
volving of  the  crown  wheel,  which  is  regulated  by  the 
speed  of  the  bottom  cone,  carries  round  these  inter- 
mediate bevels,  and  as  their  centres  bisect  the  radius  of 
the  crown  wheel,  they  have  twice  its  power ;  that  is,  for 
one  revolution  of  the  crown  wheel,  they — if  held  in  gear 
with  another  bevel  of  their  own  size — will  turn  round 
twice  on  their  own  axles.  Now,  although  the  crown 
wheel  is  really  driven  by  gearing  from  the  bottom  cone, 
it  appears  at  first  sight  as  if  it  were  driven  by  the  twist 
shaft  K  K,  which  passes  through  it,  and  on  which  it 
loosely  runs,  being  itself  only  a  socket  wheel.  The 
other  wheels,  5  and  6,  are  also  socket  wheels  and 
are  not  fixed  to  the  shaft  K  K.  The  twist  shaft, 
however,  has  its  effect  on  the  crown  wheel  by  mcaiuj  of 
the  small  bevel,  marked  3,  which  is  the  same  m  size 
and  shape  as  4  4  in  the  crown  wheel.  It  is  keyed 
on  to  the  twist  shaft,  and  geared  on  to  the  two  inter- 
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mediate  bevels  4  4  inside  the  crown  wheel.  It  there- 
fore always  goes  at  a  fixed  speed,  viz.,  that  of  the 
shaft.  At  the  other  side  of  the  crown  wheel  is  another 
bevel  wheel,  marked  5,  which  is  also  a  socket  wheel  loose 
on  the  shaft,  and  similar  in  every  way  to  4  4,  and 
3.  It  is  in  gear  also  with  the  intermediates  4  and  4,  and 
thus  a  square  of  four  bevel  wheels  is  formed,  working 
round  in  the  crown  wheel.  Thus  the  tight  driving  bevel  3 
communicates  its  power  through  the  intermediates  4  4, 
to  the  loose  drum  bevel  5.  This  bevel  5  is  on  the 
same  socket  as  the  large  bevel  6,  and  this  communi- 
cates through  7  and  8  with  the  small  bevels  which 
are  fixed  inside  the  builder  or  lifter  L,  and  on  which  is 
the  stand  and  peg  for  the  bobbin.  The  driving  bevel  3 
does  not,  however,  communicate  its  own  speed  to  the 
opposite  one,  5,  because  the  crown  wheel  is  revolving 
in  the  same  direction  as  the  former^  gives  the  inter- 
mediate bevels  twice  its  own  power,  and  therefore  neu- 
tralises to  a  certain  degree  the  effect  of  the  driving 
bevel.  The  reason  this  is  called  the  differential  motion 
is,  because  the  quicker  the  crown  wheel  revolves  the  less 
power  the  driving  bevel  has  on  the  driven,  and  therefore 
the  slower  the  bobbins  go.  The  slower  the  crown  wheel 
goes  the  more  power  the  driving  bevel  retains,  and  there- 
fore the  driven  bevel  goes  faster,  and  the  bobbins  also  go 
faster.  But  as  the  cone  is  made  to  go  quickest,  and 
thus  to  drive  the  crown  wheel  quickest  when  the  bobbins 
are  empty,  it  follows  that  they  then  revolve  slowest ;  and 
as  they  fill,  and  the  cone  gradually  goes  slower  and 
drives  the  crown  wheel  slower,  the  bobbins  then  increase 
in  speed,  so  that  the  flyer  may  not  have  so  far  to  travel 
in  wrapping  any  given  length  of  slubbing  on  the 
barrel.  The  belt  is  shifted  along  the  cone  by  means 
of  the  wheel  R,  which  —  as  shown  in  Fig.  36  —  is 
moved  half  a  tooth  for  each  rise,  and  half  a  tooth  for 
each  fall  of  the  lifter  L.  When  it  moves  up,  it 
pushes  up  the  rod  F  by  pi-essing  the  washer  d\  and 
then    loosens    the    catch    e',    and    lets    the    wheel    u 
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slip  half  a  tooth.  As  the  lifter  sinks  again  it  lowers 
the  rod  by  the  washer,  D^,  and  releases  the  catch, 
E^  so  that  the  wheel  R  moves  another  half  tooth,  or  one 
whole  tooth  for  each  rise  and  fall  of  the  lifter.  The 
wheel  R  has  on  its  stud  another  wheel,  1,  which  drives  a 
wheel,  2  ;  this  again  drives  a  wheel,  3,  while  the  large 
wheel,  4,  is  on  the  same  stud.  The  wheel  4  has  its  teeth 
in  the  rack  ;  as  the  wheel  R  revolves  it  draws  the  rack 
towards  it,  and  this  pulls  the  belt  slides  gradually  along, 


Fig. 


thus  altering  the  position  of  the  belt  on  the  cones. 
Thus,  each  traverse  of  the  bobbin  is  the  primary  cause 
of  the  belt  sliding  on  the  cones,  and  thus  altering  their 
speed.  This  mechanism  is  not  shown  in  Fig.  34  or 
Fig.  35,  but  is  so  important  as  illustrating  how  the 
decrease  of  speed  is  obtained  for  the  cones,  and  through 
them  how  all  the  differential  motion  is  worked,  that  it 
is  necessary  to  explain  it  that  the  box  may  be  thoroughly 
understood. 

124.  EiOfect  of  Cone  Drawing. — The  motion  of  the 
lifter  is  regulated  by  the  speed  of  the  lower  cone  also,  as 
shown  in  the  plan  of  the  12-spindle  box  (Fig.  35).  By  a 
series  of  wheels  the  mangle  pinion  shaft  A  A  is  worked, 
which  drives  the  mangle  pinion  x,  and  this  drives  the 
mangle  wheel.  As  the  cone  goes  slower,  of  course  all  these 
go  slower  too ;  and  thus  the  lifter  rises  and  falls  more 
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slowly  just  in  proportion  as  the  bobbins  fill  and  revolve 
more  quickly.  Therefore  in  a  cone  box  the  length  of 
slubbing  wound  on  to  the  bobbin  varies  with  each 
traverse  of  the  lifter,  which  is  the  reverse  of  what  happens 
in  the  open  drawing.  In  the  plan  of  the  12  s{)indle  box 
it  wUl  be  seen  that  the  mangle  shaft  A  A  is  represented 
broken,  but  this  is  because  the  top  cone  is  really  above 
the  lower  one  and  not  side  by  side,  as  necessaiily 
shown  in  a  plan.  Were  the  box  drawn  as  really  seen 
from  above,  only  one  cone  could  be  shown,  and  the 
machine  could  therefore  not  be  explained  so  well.  The 
spindles  are  driven  always  at  one  speed  by  wheels  direct 
from  the  driving  shaft  of  the  box,  and  each  spindle  is 
driven  by  a  pair  of  bevel  wheels,  but  these  have  no  con- 
nection with  the  wheels  which  drive  the  bobbins.  The 
advantage  of  this  sort  of  drawing  can  easily  be  seen. 
There  are  usually  three  cone  boxes  in  a  set,  with  two 
ordinary  gill  boxes  at  the  beginning,  and  an  open  roving 
box  at  the  end.  The  slubbing  is  therefore  gilled  in  every 
operation  up  to  the  roving,  and  yet  there  is  no  drag  on 
the  end  as  it  comes  from  the  rollers  ;  it  can  be  wound  on 
to  the  bobbins  in  the  softest  state,  and  thus  there  is  no 
need  for  putting  in  any  more  twist  than  is  just  needed 
to  make  it  keep  together.  The  only  drawback  to  this 
machinery  is  its  initial  cost,  and  the  cost  of  keeping  it  in 
repair. 

125.  Variation  in  Speed  of  Bobbins. — To  get  the 
s))eed  of  the  bobbins  as  compared  with  the  spindles,  and 
the  increase  as  the  bobbins  become  fuller,  let  us  suppose  in 
the  4-spindle  drawing  box  the  speeds  of  the  twist  shaft 
K  K  to  be  say  101,  the  spindles  101,  and  top  cone  150. 
The  speed  of  the  bobbins,  if  the  crown  wheel  were  not 
acting,  would  then  be  also  101,  for, 

101  X  54  X  20 

27x40  =101- 

The  figures  54,  20,  27,  40  refer  to  the  number  of  teeth  in 
the  various  connecting  wheels.      The  speed  of  the  crown 
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wheel  is  found  to  be  43  when  the  cones  are  running  at 
their  quickest,  the  dimensions  being 

150   X   5   X  42  X   25 


2  X  90   X   100 


=  43. 


As  the  crown  wheel  revolves  once  for  the  socket's  twice, 
the  socket  revolves  86  times.  The  bobbin,  without  the 
differential  motion,  would  go  at  101,  as  shown  above, 
therefore  101  —  86  =  15,  which  is  the  number  of  its 
revolutions.  The  spindle  goes  at  101,  therefore 
101—15  =  86,  the  difference  between  the  speed  of  the 
spindle  and  the  empty  bobbin.  If  the  cone  were  at  the 
very  slowest  speed,  viz.,  with  the  2-inch  end  driving  the 
5,  we  should  have 

150  X   2   X  42   X   25   _ 
0  X  90  X   100        ~    ' 

revolutions  of  the  crown  wheel,  and  14  of  the  socket. 
But  101  —  14  =  87,  which  would  then  be  the  revolutions 
of  the  bobbin,  and  101  —87  =  14,  the  difference  between 
the  spindle  and  the  bobbin.  In  reality,  however,  the 
belt  never  needs  in  these  boxes  to  travel  to  the  end,  but 
only  a  small  way  along,  till  the  speed  of  the  crown  wheel 
sinks  to  about  30,  the  socket  to  60,  and  the  bobbin  there- 
fore rises  to  about  40,  when  the  difference  between  it  and 
the  spindle  will  be  about  60.  The  principle  of  these 
ingenious  machines  will,  however,  be  better  seen  by 
considering  the  use  made  of  them  in  the  cotton  trade. 

126.  The  Bobbin  can  Lead  the  Flyer.— We  have 
thus  far  assumed  that  the  bobbin  always  goes  slower 
than  the  flyer — that  is,  that  the  flyer  leads,  as  is 
always  the  case  with  all  other  drawing  where  the 
flyer  drags  the  bobbin  round.  But  it  is  the  beauty 
of  cone  drawing  that  the  bobbin,  being  driven  indepen- 
dently of  the  flyer,  may  either  go  slower  or  faster, 
as  may  be  preferred.  If  it  goes  slower,  the  slubbing  is 
wound  on  by  the  flyer  in  the  usual  way  ;  if  it  goes  faster, 
the   bobbin   itself    does    the   winding,   and   wraps    the 
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slabbing  on  in  tlie  reverse  direction,  so  that  when  it  is 
unwound  the  bobbin  will  have  to  turn  the  opposite  way 
from  that  in  which  "the  sun  goes."  This  method  is  not  used 
in  wool  drawing,  but  very  largely  in  cotton,  especially  in 
the  finer  operations  of  the  drawing ;  and  its  advantages 
are  that  when  the  drawing  box  or  roving  fi-ame  starts, 
the  spindles  often  start  first,  and,  if  the  flyers  are  leading 
the  bobbin,  they  give  the  slubbing  a  stretch  which  may 
pluck  it:  but  if  the  bobbins  are  leading  this  cannot  happen, 
as  then  the  flyer  would  merely  unwind  a  very  little  off" 
them.  Also  in  the  former  case,  if  an  end  breaks,  the 
bobbin  continuing  to  revolve  unwinds  its  slubbing  and 
causes  waste.  In  the  latter  case  this  cannot  happen,  the 
slubbing  being  wound  the  same  way  the  bobbin  travels. 

127.  Speeds  with  Flyer  Leading  Bobbin, — To  under- 
stand the  principle  of  this  drawing  fully  in  the  two  cases, 
the  following  calculations  of  relative  speeds  of  bobbins, 
with  (1st)  the  flyer  leading  the  bobbin,  and  (2nd)  the 
bobbin  leading  the  flyer,  may  be  given.  They  are  taken 
from  the  roving  frames  in  a  first-class  cotton  mill.  The 
frame  shaft  runs  at  348  per  minute,  the  spindles  at  750, 
the  front  roller  (1^  diameter)  at  88,  delivering  312  inches 
per  minute.  The  bobbin  would  revolve  750  times  if  the 
crown  or  plate  wheel  were  not  in  operation.  The  cir- 
cumference of  the  bare  tube  or  baiTel  is  3*73  inches,  and 
the  twist  per  inch  2 -4.  The  circumference  of  the  barrel 
of  the  bobbin  when  full  is  11  inches.  Then  3  73  x  2-4 
=  8 '95,  being  the  twist  for  one  revolution  of  the  empty 
barrel.  Take  first  the  case  of  the  flyer  leading  the 
bobbin  ;  then  the  speed  of  the  spindle,  750  -r  8-95  =  83-76, 
or  the  difference  of  speed  between  the  spindle  and  the 
bare  barrel,  that  of  the  spindle  being  the  greater.  Also, 
750  —  83-76  =  666-24  revolutions,  or  speed  of  the  bare 
barrels.     And 

666  X  348 
75r-    =   309, 

which  is  the  number  of  the  revolutions  of  the  socket 
on   the   twist  shaft;   348  -  309  =  39   being  the   dif- 
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ference  of  decrease  in  speed  owing  to  the  action  of 
the  crown  wlieel ;  and  as  one  revolution  of  the  crown 
wheel  is  equal  to  two  of  the  socket,  39  -j-  2  =  19|  gives 
the  revolutions  of  the  crown  wheel.  Taking  the  same 
figures  again,  the  flyer  still  leading  but  with  the  barrel  full, 
and  its  circumference  11  inches,  we  have  11x2-4  -  26  4, 
the  number  of  turns  of  twist  for  one  revolution  of  the 
full  bobbin.  The  speed  of  the  spindle,  750  -r  26-4  =  28-41 
which  is  the  difference  in  speed  between  the  spindle  and 
full  barrel,  that  of  the  spindle  still  being  the  greater. 
Then  750-28-41  =  721-59  revolutions,  or  speed  of  full 
barrel     And 

721  X  348 

■ 760""    =   ^^*  ^' 

which  is  the  number  of  the  revolutions  of  the  socket  on 
the  twist-shaft,  and  348-334-5  =  13-5,  being  the  dif- 
ference of  decrease  in  speed  owing  to  the  action  of  the 
crown  wheel,  which  now  goes  slower, — viz.,  at  13-5. 
Then  13 -5  4-2  =  6 -7  5  revolutions  of  the  crown  wheel. 
The  bobbin,  therefore,  when  empty,  goes  at  666  revo- 
lutions, and  when  full  at  721,  a  difference  of  55  per 
minute,  and  the  crown  wheel  in  the  former  case  goes 
at  19^,  and  in  the  latter  at  6|,  a  difference  of  12|. 

128.  Speeds  with  Bobbin  Leading  Flyer.  —  When 
the  bobbin  leads  the  flyer  we  see  a  different  result. 
Taking  all  the  same  figures,  we  get  again  83-76  as  the 
difference  in  speed  between  the  bare  bobbin  and  the 
spindle,  but  in  this  case  it  is  the  bobbin  which  goes  the 
quickest.  Therefore,  we  add  the  speed  of  the  spindle 
to  the  difference  between  it  and  the  flyer,  and  get 
750  +  83-76  =  833-76  as  the  revolutions  of  the  bare 
bobbins.     Then  833-76,  without  the  fraction,  or 

834  X  348 

—  750-    =  3«7' 

the  revolutions  of  the  socket,  and  387-348  =  39,  the 
difference  of  iiicrease  in  speed  of  the  socket  owing  to  the 

K 
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action  of  the  crown  wheel,  and  19^  the  revolutions  of  the 
crown  wheel  in  the  reverse  direction.  Similarly  we  got 
28'41,  the  difference  in  speed  between  the  full  bobbin  and 
the  spindle,  with  the  bobbin  going  quicker.  Then 
750  +  28-41=778-41  the  revolutions  of  the  fuU  bobbin. 
With  the  bobbin  leading  the  flyers,  therefore,  its  revolu- 
tions when  empty  are  833-76,  and  when  full  778-4,  a 
difference  again  of  55  ;  but  this  time  the  bobbin  i-uns 
faster  when  empty  than  when  full,  as  it  has  to  wind  on 
the  slubbing  for  itself,  and  therefore  run  faster  before  the 
flyer  when  its  barrel  is  small.  The  cones  consequently 
have  their  operations  reversed,  going  slower  when  the 
bobbin  is  empty.  In  cotton  drawing  the  change  can  be 
made  by  reversing  the  wheel  on  the  short  upright  shaft, 
and  driving  it  from  below.  This  reverses  the  motion  of 
the  shaft,  and  also  of  the  crown  wheel,  causing  the  bobbin 
to  run  faster  than  the  flyer.  The  cotton  drawing  is, 
however,  slightly  different  in  its  method  of  gearing  from 
that  used  in  worsted,  one  of  the  points  of  difierence  being 
the  arrangement  of  the  bevelled  wheels  marked  6,  7,  and 
8 ;  but  the  principle  is  the  same. 

129.  Trench  Drawing.— In  all  the  drawing  hitherto 
described  the  main  principle  of  the  processes  has  been 
alike,  namely,  to  draw  the  slubbing  out  and  wind  it  on 
to  a  bobbin  by  twisting  it  round  with  a  flyer,  and  thus 
making  a  number  of  ropes  of  wool,  which  are  continually 
being  re-drawn  and  made  over  again.  The  Fi-ench 
system  of  drawing  entirely  differs  from  this.  The  prin- 
ciple adopted  is  to  put  no  twist  whatever  into  the  slub- 
bing or  roving,  but  to  keep  each  fibre  as  straight  as 
possible  until  it  is  sjiun.  To  effect  this  a  different  class 
of  machinery  is  used.  The  balls  or  tops  are  taken  and 
mixed  in  the  usual  way  in  the  can  gill  box,  in  whatever 
proportions  may  be  necessary.  The  cans  are  then  taken 
to  the  first  drawing  frame,  and  placed  say  two  ends  to- 
gether. The  back  rollers  receive  them  as  usual,  and  the 
front  rollers  draw  them  out,  but  between  the  two  is  a 
poi'cupine  roller  such  as  wc  have  already  mentioned,  and 
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Fig.  37. 


over  this  the  sliver  passes,  and  is  drawn  through  its  pins. 

The  porcupine  goes  a  very  little  quicker  than  the  back 

rollers,    but    nothing   to 

speak  of.     It  serves  only 

as  a  carrier   to    support 

the    wool     between    the 

back  and  the  front  rollers, 

for  as  there  is  no  twist 

in    the  slubbing,    if   the 

drawing    were     entirely 

open,  or  with  only  wooden 

carriers,     it    might     be 

plucked        and        made 

twitty.     The  pins  of  the 

porcupine   pierce  it   like 

faller  pins,    and  hold   it 

steady    while    the    front 

rollers   are   drawing   it.     The   top  of  the  porcupine  is 

raised  higher  than  the  nip    of  the  front  rollers,  for  if 

they    were   on   the  same    level,    the   distance   between 

the  two  points  would  be 
the  sum  of  the  radius  of 
each  plus  the  distances 
which  their  surfaces  are 
apart ;  that  is  to  say,  if  t 
be  the  top  roller  (Fig.  37), 
B  the  bottom  one,  and  p 
the  porcupine,  the  distance 
would  be  from  b'  to  p^, 
and  the  stretch  of  the 
wool  without  any  support 
would  be  considerable. 
Besides  which  the  wool 
could    only     be  supported 

just  on  the  top  of  the  porcupine  and  could  not  lap  round 

it  at  all.    If,  however,  the  porcupine  be  raised,  the  nip  of 

the  rollers  and  the  point  where  the  wool  leaves  the  por- 
cupine are  brought  very  much  nearer  together,  and  thus 


Fig.  38. 
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the  wool  receives  much  more  support  both  (Fig.  38)  by 
being  held  to  within  half  the  distance  from  the  nip  and 
by  having  to  pass  over  a  much  larger  amount  of  the  sur- 
face of  the  porcupine.  The  higher  the  porcupine  is  placed 
the  nearer  can  it  approach  the  nip ;  but  if  it  be  much 
higher  than  here  shown  (Fig.  38),  the  wool  has  to  rest  on 
too  large  a  portion  of  its  surface.  Having  been  drawn 
out  by  the  front  rollers  it  passes  between  two  rubbing 
leathers,  similar  to  those  of  the  condenser  in  a  woollen 
card,  and  which  will  be  more  fully  described  when  we 
come  to  that  subject.  Tt  is  enough  here  to  say  that  they 
revolve  to  meet  each  other  and  carry  the  reduced  slub- 
bing  through  to  the  other  end  of  their  journey.  Besides 
this,  they  have  a  motion,  rubbing  sideways,  similar  to  the 
motion  of  the  palms  of  the  hands  when  rubbed  flat  to- 
gether. By  this  motion,  though  they  put  no  twist  into 
the  slubbing,  they  rub  all  its  fibres  together,  and  instead 
of  a  flat  open  sliver,  a  rounded  pith-like  thread  is  passed 
out.  This  is  received  by  a  guide  wire  and  wound  on  to  a 
bobbin  lying  horizontally,  which,  travelling  at  a  good 
speed  end -ways,  causes  the  end  to  keep  crossing  backwards 
and  forwards.  Tliis  balling  or  winding  on  to  bobbins 
is  worked  by  an  oval  mangle  wheel  moving  sideways  in- 
stead of  up  and  down.  Two  ends  are  usually  run  on  to 
eveiy  bobbin  or  ball ;  so  that  if  two  are  put  up  at  the 
back,  it  is  equal  to  four  doublings  in  the  first  operation. 

130.  Effect  of  French  Drawing. — Such  is  the  whole 
principle  of  French  drawing.  There  are  nine  operations, 
each  one  being  in  every  way  similar  in  its  theory  to  the 
others,  and  merely  differing  in  size  as  the  rovings  have  to 
be  made  lighter.  Two  or  three  ends  are  always  put  to- 
gether and  drawn  out,  but  no  twist  is  ever  put  in.  The 
rubbers  make  the  pith-like  slubbing,  which  is  thereby 
wound  off  the  bobbin  without  any  trouble.  Wool  is 
so  much  longer  proportionately  than  cotton  that 
with  this  little  rubbing  it  is  all  right  and  firm.  There 
is  something  seemingly  absurd  in  twisting  long  or  any 
other  kind  of  wool  into  a  rope  and  then  having  to  pull  it 
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out  again  by  machinery,  just  in  order  that  it  may  be  a 
second  time  twisted  into  a  thinner  rope.  The  fibres 
must  often  be  broken  in  any  drafting  out  combined 
with  twisting,  and  this  will  happen  just  as  the  slubbing 
is  twisted  harder.  When  we  twist  the  slubbing,  the 
serriitures  in  the  fibres  of  wool  tend  to  fasten  into  each 
other,  and  when  they  are  again  drafted,  some  of  the 
points  may  be  blunted  or  even  broken  off.  But  with 
French  drawing  this  is  not  so.  The  rubbing  is  just  enough 
to  make  the  fibres  hang  together,  and  not  enough  to  felt 
or  squeeze  them  ;  indeed,  no  weight  is  applied  by  the 
rubbers — their  function  is  to  rub,  and  nothing  moi*e. 
This  process  is  repeated  nine  times,  with  just  as  many 
doublings  as  may  be  required,  and  with  suitable  draft. 
In  the  last  process  or  roving  it  is  the  same  as  the  first, 
except  that  the  bobbins  on  which  the  roving  is  to  be 
wound  are  filled  more  slowly  and  evenly,  so  as  to  present 
on  the  creel  of  the  mule  the  appearance  of  nicely  wound 
bobbins  instead  of  balls  crossed  from  side  to  side.  It  is 
not  necessary,  therefore,  to  say  more  about  the  construc- 
tion of  these  machines.  In  this  country  they  have 
just  come  into  use,  and  so  far  have  been  employed  only 
for  fine  Botany  wool,  with  very  small  rollers  and  fine 
porcupines.  The  French,  however,  use  them  with  larger 
rollers  for  wool  even  ten  inches  long,  which  they  after- 
wards spin  on  the  mule.  In  spite  of  the  objection  just 
noted  to  twisting  long  fibres  and  then  drawing  them  out 
again,  it  is  doubtful  whether  the  French  system  is  so 
well  suited  to  long  wool  as  that  employed  here.  In  a 
word,  the  advantage  of  either  system  depends  on  the 
result  it  is  desired  to  obtain.  If  a  "  foody  "  bulky  yarn 
is  wanted,  the  French  system  is  best — and  for  this  short 
wool  is  most  suitable  ;  but  if  a  good,  sound,  level,  thread, 
with  the  fibres  well  straightened  and  lying  close  to  each 
other,  be  aimed  at,  there  seems  to  be  nothing  to  beat  the 
ordinary  method  of  English  drawing,  and  it  has  this 
decided  advantage,  that  a  much  greater  variety  of  wool 
can  be  drawn  on  one  set  of  boxes  than  is  possible  any  other 
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way.  To  the  spinner  who  lays  himself  out  for  all  classes 
of  work  this  is  a  recommendation  that  is  not  likely  to  be 
lost  sight  of,  and  one  which  goes  far  to  counterbalance 
any  gain  for  special  sorts  which  may  be  obtained  by 
French  drawinij. 


CHAPTER  VIIL 

WORSTED    SPINNING. 

131.  Principle  of  Spinning. — There  are  four  methods 
of  spinning  worsted,  three  of  which  come  under  the  head 
of  throstle  frames,  viz,  :  ilyer,  cap,  and  ring.  The  fourth 
is  the  mule.  We  will  take  these  in  their  order,  first 
pointing  out  what  they  have  in  common.  The  spinning 
process  is  divided  into  three  distinct  parts  : — (1)  The 
drawing  out  or  drafting  ;  (2)  the  twisting ;  and  (3)  the 
winding  on  to  the  bobbin.  The  last,  though  necessary 
in  any  practical  system  of  spinning,  is,  in  the 
strictest  sense  of  the  term,  not  a  part  of  it ;  because 
the  yarn  is  spun  before  it  can  be  wound  on  to  the  bobbin, 
as  is  clearly  seen  by  the  operations  of  the  mule  and  by 
the  old  hand  spinning,  and  the  winding-on  is  only  done 
for  convenience.  The  other  two  parts  are  essential, 
because  if  twist  were  put  in  without  drafting,  it  would 
merely  be  twisting  a  given  thickness  of  roving  or 
anything  else  ;  and  without  the  twist,  the  roving  when 
drafted  has  no  cohesion,  and  becomes  waste.  The  part 
which  all  fo'ir  methods  have  in  common  is  the  drafting. 
In  the  three  first  it  is  literally  and  exactly  the  same,  for 
the  very  same  rollers  can  be  used  either  for  flyer,  cap,  or 
ring  frames.  The  principle  and  operation  of  the  rollers 
is  the  same  in  the  mule  also,  but  they  are  set  rather 
differently.  When  we  come  to  the  second  part — the  twist 
— the  divergence  begins ;  for  though  they  are  alike  in  so 
far  as  they  all  put  twist  into  the  yarn,  yet  each  fiarae 
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has  its  own  method  of  doing  it,  and  also  its  own  method 
of  winding  the  yarn  on  to  the  bobbin. 

1 32.  Flyer  SpinningFrame.— The  drawing  here  given 
(Fig.  39)  of  an  8-spindle  flyer  spinning  frame  will  show  the 
prmciple  of  its  working  very  clearly.     Roving  bobbins 


Fig.  39. 

are  placed  on  the  pegs,  p  p,  one  to  each  spinning  spindle. 
The  ends  are  then  passed  between  the  back  rollers, 
which  revolve  slowly ;  the  lower  one  of  these — the  one 
that  regulates  the  length  drawn  in — is  usually  1^  inch 
diameter.  Tlie  roving  then  passes  between  the  three 
sets  of  carriers,  c  c  c,  and  reaches  the  front  rollers,  F  R, 
by  which  it  is  drawn  out  to  any  length  required,  the 
difference  in  the  speed  between  the  front  and  back  rollers 
regulating  the  draft.     The  bottom  front  roller,  R,  is  the 
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one  whose  diameter  affects  the  draft,  the  top  one  being 
merely  a  wooden  boss  covered  with  leather,  and  running 
by  fi'iction,  every  pair  being  on  one  axis,  which  is  pressed 
down  by  the  screws  k  k.  This  is  the  whole  principle  of 
drafting  as  applied  to  every  operation  in  the  worsted  or 
any  other  trade  where  draft  is  obtained  by  means  of 
rollers.  When  the  attenuated  end  comes  through  the 
rollers  it  is  twisted  once  or  twice  round  the  wing  of  the 
flyer  y,  passed  through  a  twizzle  at  its  lower  end,  and 
then  wound  round,  the  bobbin  which  is  on  the  spindle 
s  s.  The  flyer  is  separate  from  the  spindle,  being  screwed 
on  to  it  at  the  centre  of  the  cross  piece.  In  all  drawing 
boxes  the  spindle  and  flyer  are  joined  together.  The 
spindle  always  revolves  at  the  same  speed  whether  the 
bobbin  be  full  or  empty,  and  therefore  so  far  as  it  is 
concerned,  will  always  put  the  same  twist  into  the  yarn. 
The  bobbin  travels  up  and  down  on  a  lifter  plate,  L  L, 
which  moves  up  and  down  the  spindle,  being  worked  by 
the  revolutions  of  a  heart-shaped  piede  of  iron,  H,  and  a 
series  of  chains  and  pulleys.  This  heart  varies  in  con- 
struction according  to  the  shape  of  bobbin  required. 
Three  sorts  of  bobbins  are  used — the  ordinary  bobbin  with 
a  head  at  each  end,  which  fills  evenly  from  one  end  to 
the  other  and  back  again ;  the  tube  (made  of  paper) 
which  requires  a  double  motion  to  fill  it,  namely  the 
ordinary  one  up  and  down,  working  about  half  its  length, 
and  a  constantly  lowering  one  which  causes  the  tube 
ultimately  to  be  filled  over  its  whole  length,  but  to  be 
much  fuller  at  the  centre  than  at  the  ends  ;  and,  thirdly, 
the  spool,  which  has  a  flange  only  at  its  lower  end,  and 
which  requires  a  triple  motion ;  a  very  short  one  at  first 
filling  the  lower  end,  during  which  time  the  bobbin 
only  moves  a  little  way  up  and  down,  and  then  a  longer 
"picking,"  as  it  is  called,  up  and  down,  with  the  con- 
stantly lowering  motion  the  same  as  for  the  tube;  so  that 
a  full  spool  gradually  tapers  from  the  bottom  towards 
the  top.  Into  a  description  of  how  these  hearts  are  to  be 
set,  and  their  shape,  it  is  not   necessary   to  enter,  our 
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object  being  to  deal  with  the  principles  of  spinning.  The 
spindles  themselves  are  driven  by  cotton  bands  from  a 
tin  cylinder,  which  is  fastened  to  the  main  shaft  that 
drives  the  frame,  and,  therefore,  revolves  as  quickly  as 
the  driving  pulleys.  The  bands  run  round  the  wharls, 
w  w,  on  the  spindles,  and  as  the  diameter  of  the  former  is 
9  inches  and  the  latter  1  inch,  there  is,  of  course,  a  great 
increase  of  speed. 

133.  Flyer  Spinning;  Twisting  and  Winding  the 
Yarn. — We  must  now  see  how  the  flyer  operates  in 
twisting  and  winding  the  yarn,  and  we  will  suppose  that 
there  is  on  the  spindle  an  ordinary  spinning  bobbin, 
3  inches  long  inside  the  ends  and  2  inches  across.  The 
diameter  of  the  front  roller  is  4  inches,  and  the  circum- 
ference, therefore,  12-5.  It  is  revolving  20  times  a 
minute,  and  therefore  delivering  250  inches  of  yarn 
in  that  time.  The  spindle  is  revolving  3,000  times  a 
minute,  and  there  should  therefore  be  3,000  -j-  250,  or  12 
turns  per  inch  in  the  yarn  if  nothing  were  lost  by  the 
slipping  of  the  band.  The  spindle,  or  rather  the  flyer, 
puts  twist  into  the  yarn  in  the  following  way  :  It  revolves 
"  the  way  the  sun  goes,"  the  yarn  is  hooked  into  the 
flyer-eye,  or  twizzle,  at  its  lower  extremity,  and  as  it 
revolves  it  carries  the  yam  round  with  it,  thus  twisting 
it,  and  putting  in  one  turn  for  each  revolution.  If  the 
bobbin  and  flyer  went  at  the  same  speed,  there  could  be 
no  winding  on,  only  twisting  ;  but  as  the  bobbin  is  loose 
on  the  spindle,  its  tendency  is  to  stand  still,  and  it  is 
merely  dragged  roimd  by  the  end  of  the  yarn,  which  is 
passed  through  the  flyer  eye.  This  is  the  case  with  all  open 
drawing  as  distinct  from  cone  drawing,  as  we  have  pre- 
viously seen;  and  it  will  be  found  that  in  the  former  and 
in  flyer  spinning  the  speed  of  the  bobbin  varies  according 
to  the  cix'cumference  of  the  barrel,  empty  or  full.  If  the 
bobbin  stood  quite  still  while  the  flyer  went  once  round 
it  (which  could  only  be  done  if  the  delivery  of  the  rollers 
were  quick  enough),  there  would  be  just  one  turn  put 
into  the  yarn  in  the  length  equal  to  the  circumference  of 
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the  bobbin ;  but  as  the  bobbin  travels  round,  being 
dragged  nearly  as  fast  as  the  flyer,  any  number  of  turns 
can  be  put  in  before  the  winding  takes  place.  Tlie 
rate  of  winding  is  in  jiroportion  to  the  difference  in 
speed  between  the  bobbin  and  the  flyer,  and  this  differ- 
ence varies  in  proportion  to  the  circumference  of  the  full 
or  empty  barrel.  If  the  diameter  of  the  flyer  be  2| 
inches,    with    circumference    of    8 "63,    and  that  of   the 


Fig.  40. 


empty  bobbin  barrel  finches  with  circumference  275,  and 
of  the  full  bobbin  2  inches,  and  6-28,  then  it  is  clear,  as 
shown  in  Fig.  40,  that  the  flyer  must  travel  farther 
from  H  to  K  to  wrap  an  inch  of  yarn  on  the  empty 
barrel  than  from  E  to  p  to  wrap  the  same  round  a  full 
one.  Now,  as  here  shown,  the  distance  which  the  flyer 
travels  round  the  bobbin  varies  exactly  as  the  circum- 
ference of  the  barrel.  In  No.  1  the  circumference  of  the 
full  bobbin  is  628;  therefore,  as  6-28  :  863  ::  1  :  1-37,' 
which  is  the  distance  the  flyer  travels  to  wind  on 
1  inch  of  yarn.  In  No.  2  the  circumferences  are,  as 
2'75  :  8'63  ::  1  :  3-13,  which  shows  the  increase  in  the 
distance  the  flyer  must  go  to  wind  1  inch  of  yarn  on  to 
an  empty  bobbin.  The  diagram  (Fig.  40)  makes  it 
appear  as  if  the  bobbins  are  standing  still,  but  of  course 
this  is  not  the  case.     They  revolve,  and  the  yarn  is  not 
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laid  on  a  whole  inch  at  a  time,  but  is  constantly  being 
wound  as  the  bobbin  drags  behind.  As,  however,  the 
same  amount  of  yarn  is  wound  on  to  the  bobbin  at  each 
moment  or  for  each  traverse  up  or  down  of  its  lifter,  it  is 
clear  that  the  fuller  the  bobbin  the  quicker  it  must 
run,  and  this  difference  in  speed  is  proportionate  to  the 
circumference  of  the  bobbin  barrel.  For  if  the  bobbin 
went  at  the  same  speed  when  full  as  when  empty,  the 
flyer  would  break  the  thread  in  its  efforts  to  get  round. 
Therefore,  the  difference  in  the  speed  of  the  bobbin  at 
these  given  circumferences  is,  as  2-75  :  6'28  ::  1"37  :  3"1'3. 
This  is  also  in^•ersely  proportionate  to  the  distance  the 
flyer  has  to  travel  to  wind  on  one  inch.  The  actual 
speeds  of  the  bobbin  depend,  of  course,  on  the  speed  of 
the  fi'-ame.  The  amount  of  twist  affects  the  rapidity 
with  which  the  yarn  can  be  wound  on.  The  increase  in 
speed  of  the  bobbin  when  full  has  two  awkward  results. 
The  bobbin  is,  in  the  first  place,  heavier  when  full  than 
when  empty,  and  this  in  itself  would  increase  the  friction 
as  it  is  dragged  round.  In  the  second  place,  even  if  it 
were  not  heavier,  the  incrf  ased  speed  at  which  it  must 
revolve  increases  the  fiiction  and  also  the  drag.  These 
two  factors  combined  have  this  result,  that  when  the 
bobbin  is  empty,  or  nearly  so,  it  does  not  drag  enough, 
and  the  yarn  tends  to  "  snarl  "  and  curl,  and  cannot  be 
drawn  out  straight;  and  when  the  bobbin  is  full,  it  drags 
too  hard,  and  the  yarn  is  pulled  too  tight  and  often 
snaps.  Hence  the  spin  is  always  worse  in  a  fine  count 
when  the  bobbin  is  full,  because  the  thread  being  small 
it  is  pulled  in  two  and  broken;  and  it  is  worse  in  a  thick 
count  when  the  bobbin  is  empty,  because  then  the  thread 
snarls.  It  is  one  of  the  nicest  points  an  overlooker  has 
to  decide,  how  hard  he  shall  drag  his  bobbins  ;  and  as 
he  judges  so  he  will  regulate  his  washers.  The  washers 
are  small  circular  pieces  of  cloth  or  leather  with  a  hole 
in  the  centre,  which  are  placed  on  the  spindle  between 
the  bottom  of  the  bobbin  and  the  lifter  rail.  Leather 
washers  drag  hax'der  than  cloth,  and  large  ones  harder 
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than  small  ones.  The  drag  on  the  yarn  can  also  be  lessened 
by  twisting  the  thread  round  the  wing  of  the  flyer,  and 
increased  by  untwisting  it  and  merely  hooking  it  in  the 
flyer  eye.  The  reason  of  this  appears  to  be  that  when 
the  yarn  is  only  hooked  in  the  flyer  eye  the  bobbin 
drags  it  all  the  way  from  the  nip  of  the  rollers,  there 
being  nothing  to  break  the  force  of  the  pull.  But  when 
it  is  twisted  say  three  times  round  the  flyer  wing,  the 
drag  of  the  bobbin  is  almost  confined  to  the  very  short 
distance  between  the  flyer  eye  and  itself,  the  friction  or 
the  wrapping  of  the  yarn  round  the  steel  flyer  having  the 
effect  of  preventing  the  tension  from  getting  above  that 
point,  and  leaving  the  portion  of  yarn  between  the  top  of 
the  spindle  and  the  rollers  quite  unstrained.  By  attending 
to  this,  and  reducing  the  other  drag  of  the  bobbin  by 
light  washers,  the  amount  of  drag  may  be  reduced  to 
a  minimum.  The  weakest  point  of  the  flyer  frame  is, 
however,  the  irregularity  of  the  drag.  As  we  shall  soon 
see,  the  cap  and  ring  frames  ai-e  free  from  this  evil;  and 
the  flyer  will  never  be  perfect  until  some  cheap  and 
effective  method  of  dragging  has  been  invented  which 
will  never  vary  as  the  size  of  the  bobbin  alters. 
In-egularity  in  twist  is  often  caused  by  the  slipping  of 
the  spindle-band.  As  a  9-inch  cylinder  drives  a  1-inch 
whai'l,  which  is  of  smooth  polished  steel,  there  is  not  a 
great  deal  of  surface  which  can  make  the  band  grip  the 
wharl,  and  if  the  band  is  a  little  slack,  it  will  slip  con- 
siderably. It  is  impossible  to  tell  how  much  a  band 
slips  in  this  way  except  by  counting  the  turns  in  the  yarn 
— not  an  easy  thing  to  do  in  single  yarn,  though  quite  easy 
in  twofold.  All  that  the  overlooker  can  do  is  to  see  that 
slack  bands  are  taken  off",  and  that  when  new  ones  are 
put  on  they  are  properly  tied.  There  is  a  right  way  and 
a  wrong  one  of  tying  spinning  bands.  They  must  be  so 
tied  that  all  the  knot  lies  on  the  outside  of  the  band, 
so  that  when  it  passes  over  the  wharl  the  jerk  caused 
by  a  knotted  lump  suddenly  coming  and  stretching 
the   band   is  avoided.      To  remove  the  danger  of  the 
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knots  altogether,  bands  are  now  made  just  the  required 
length  with  a  loop  at  each  end,  and  the  loops  are  fastened 
together  with  a  little  wire  hook,  and  thus  they  run 
perfectly  smooth.  Opinions  vary  as  to  the  duration  and 
success  of  these  loop-bands,  but  there  can  be  no  doubt 
the  principle  of  them  is  a  great  improvement  on  the  old 
system  of  knots. 

134.  Calculations  for  Twist  and  Speed. — ^^Having 
said  so  much  about  the  twist,  let  us  see  how  to  tell  what 
amount  there  is  in  any  yam,  and  how  quickly  the 
spindles  revolve.  To  find  the  latter,  take  the  dimensions 
of  everything  that  affects  it,  and  classify  the  "  drivers  "  and 
"  drivens  "  into  two  sets,  according  as  an  increase  in  size 
gives  an  increase  or  a  decrease  in  speed.  It  will  be  found 
that  there  are  five  factora  in  the  result.  The  speed  of  the 
driving  shaft,  the  diameter  of  the  dnim  on  it,  the  dia- 
meter of  the  pulleys  on  the  spinning  frame  end  marked 
M  in  Fig.  39,  and  the  diameter  of  the  cylinder  and 
wharl.  The  first,  second,  and  fourth  of  these,  if  increased, 
give  more  speed ;  therefore  they  are  "  drivers."  The  third 
and  fifth,  if  increased,  give  less  speed,  and  are  therefore 
"drivens."  Let  the  speed  of  the  shaft  be  138  revolu- 
tions per  minute ;  the  drum  be  40-in.  in  diameter ;  the 
driving  pulley  20  in.,  and  the  cylinder  and  wharl  9 
and  1.     Then  we  get 

138  X  40  X  9        „    „^ 
20  X   1         =  2,484, 

the  speed  of  the  spindle  if  nothing  is  lost  by  slipping. 
To  save  reckoning  this  up  every  time  a  gauge  point  can 
be  taken,  which  is  obtained  by  merely  leaving  out  the 
varying  factor,  viz.,  the  size  of  the  pulley,  and  we  get 

138  X  40  X  9 
j   =  49,680, 

the  fixed  or  gauge  point  for  the  fi-ame.  It  is  well  to 
have  a  large  pulley  on  the  frame  end  to  prevent  the  belt 
from  slipping.  To  obtain  the  twist  of  the  frame  other  di- 
mensions   must   be    taken,   but   the    same   principle  of 
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"  drivers"  and  "drivens"  employed.  In  Fig.  39  the  frame 
is  driven  entirely  with  wheels,  the  advantage  of  which 
is  that  there  can  be  no  slipping  of  the  twine  wheel  belt ; 
but  its  drawback  is  a  great  increase  of  noise.  The  other 
way  is  to  make  the  wheels  marked  1  and  3,  which  are  24 
and  60  respectively,  into  pulleys,  usually  6  and  1 5  inches 
diameter,  and  drive  the  latter  from  the  former.  The 
wheel  2  is  an  intermediate  single  stud  wheel,  and 
counts  for  nothing.  The  wheel  marked  4  is  behind 
that  marked  3  ;  it  is  geared  into  6,  and  is  the  change 
wheel.  Suppose  it  to  be  a  48.  No.  5  is  a  215,  and  is 
fixed  to  the  front  roller.  The  front  roller  is  4  in.  dia- 
meter, or  12^  in.  circumference.  The  cylinder  and  wharl 
are  9  in.  and  1  in.  as  before.  All  these  wheels  affect  the 
speed  of  the  front  roller,  and  the  quicker  it  goes  the  more 
yarn  it  will  deliver,  and  the  less  twist  there  will  be.  By  in- 
creasing the  "  drivers,"  therefore,  we  get  less  twist  in  the 
the  yarn  but  a  greater  length  of  it,  because  more  speed. 
By  increasing  the  "  drivens  "  we  get  less  speed,  and  there- 
fore more  twist  The  cylinder  and  wharl  are  the  reverse. 
They  do  not  affect  the  roller,  only  the  twist ;  if  the 
cylinder  be  increased,  the  spindle  will  be  driven  faster, 
and  more  twist  be  given.  If  the  wharl  be  increased,  the 
reverse  will  be  the  case.  Grouping  these  together  and 
multiplying  as  usual,  we  get 

9  X  60  X  215  _ 

1   X  24  X  48  X  12J   "  ^• 

If  instead  of  driving  the  frame  by  gearing,  the  more  usual 
form  of  a  belt  be  substituted,  with  a  6-in.  pulley  driving 
a  15  instead  of  a  24  wheel  driving  a  60,  the  result  is  just 
the  same.  To  save  so  much  reckoning  a  gauge  point  can 
be  used,  which  is  obtained  by  leaving  out  the  change 
wheel  (the  48),  when  the  result  is  387.  From  this  gauge 
point  the  wheel  required  for  any  given  twist  can  be  found 
by  dividing  387  by  the  twist ;  and  similarly  the  twist 
from  any  given  wheel  can  be  found  by  dividing  387  by 
the  wheel. 
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135,  Calculations  for  Draft. — The  di-aft  of  the  frame 
can  be  obtained  by  similarly  taking  the  wheels  which 
affect  it ;  but  in  doing  so  it  must  be  borne  in  mind  that 
the  front  roller  drives  the  back,  not  the  back  roller  the 
front,  and  that  when  the  draft  is  altered  it  is  done  by 
changing  the  speed  of  the  back  roller.  A  glance  at  the 
frame  will  show  this.  The  driving  power  comes  from  the 
pulley  M,  through  all  the  twine  wheels,  to  the  front  roller, 
and  through  it  to  the  draft  change  wheel  A  and  three 
other  wheels,  and  then  to  the  back  roller,  where  it  stops. 
The  fi'ont  roller  (4-in.  diameter)  is,  therefore,  the  first 
"  driver,"  and  the  back  roller  (1^-in.)  the  last  "  driven." 
The  four  wheels  between  them  are  the  change  wheel  A, 
which  we  will  take  as  a  49;  the  stud  wheel  is  100,  the 
plate  wheel  84,  and  the  back  roller  wheel  155.  The  first 
and  third  of  these,  if  increased,  will  make  the  back 
roller  go  quicker,  and  are  "  drivers  ; "  the  second  and 
fourth  will  do  the  reverse,  and  are  "  drivens."  But  the 
faster  the  back  roller  goes  the  less  draft  there  will  be ; 
therefore  we  have 

4  X  100  xloo  „     ,    „ 

li   X  49  X   84     =    12,  the  draft. 

Thus,  by  increasing  the  change  wheel,  the  back  rollers  go 
faster,  and  less  draft  is  given.  The  gauge  point  can  be 
obtained  here,  too,  by  leaving  out  the  change  wheel  49, 
and  will  be  found  to  be  590.  By  dividing  any  wheel 
into  this,  the  draft  of  it  is  given ;  or  by  dividing  any 
draft  into  it,  the  required  wheel  is  given. 

136.  General  Formulae  for  Spinning. — The  above  cal- 
culation and  gauge  point  are  only  for  the  wheels  of  the 
frame.  It  will  be  well  here,  while  on  the  subject,  to  give 
the  general  rules  for  finding  the  draft  required,  and  in 
doing  so  we  must  refer  to  the  calculations  given  in  the 
chapter  on  drawing  for  finding  the  weight  of  rovings. 
There  are  four  things,  any  three  of  which  must  be  known 
to  help  to  find  the  fourth — viz.,  draft  of  frame,  called  D  ; 
counts  of  yarn,  c;  length  of  roving,  l;  and  weight  of  that 
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length,  w.  The  complete  formulae  are  560xcxw  = 
256  X  D  X  L,  and  of  these  six  any  one  can  be  got  by 
multiplying  the  three  together  and  dividing  their  j^roduct 
by  the  remaining  two.  To  simplify  this,  instead  of  taking 
/)60  and  256  (the  number  of  yards  in  a  hank  and  of 
drams  in  a  pound  respectively)  take  35  and  16,  which  are 
the  sixteenth  part  of  each.  For  example,  let  c  be  30, 
L  40  yards,  and  w  7'3;   it  is  required  to  find  D. 

35  X  30  X  7-3  ,     ,    . 

- — re TH —    ~  12,  the  draft. 

16   X  40  ' 

These  formulae  do  for  any  length,  counts,  etc.,  but  if  a 
gauge  point  be  used,  it  must  be  for  some  given  length,  and 
in  tliat  case  the  equation  is  simplified  by  leaving  out  the 
560  (or  35),  the  256  (or  16),  and  the  length,  and  we  have 
c  X  w  =  D  X  gauge  point.  For  40  yards  the  gauge 
point  was  found  to  be  18  "3;  therefore,  as  above, 

30  X  7-3 
.„  „      =12,  the  draft. 

As  will  be  seen  by  comparing  this  calculation  with  the 
one  immediately  above,  the  gauge  point  for  40  yards,  i.e., 
18"3,  is  merely  560  divided  into  256  x  40;  or,  which  is 
the  same  thing,  35  divided  into  16  x  40  ;  that  is, 

— T^ —     =  Gauge  point  for  any  length. 

137.  Cap  Frame. — The  flyer  spinning-frame  is  chiefly 
used  for  worsted  yarns  of  thick  and  medium  counts,  but 
for  fine  Botany  yarns  the  cap  frame  is  always  employed. 
For  yarns  intended  for  twisting  such  as  32's  and  40's, 
and  for  even  heavier  counts  where  roughness  of  fibre 
does  not  much  matter,  the  cap  fmme  is  also  very  useful, 
as  it  can  be  run  at  a  much  greater  speed  than  the  flyer. 
The  drawing  here  given  of  an  8-spindle  cap  frame 
as  made  by  Messrs.  Prince  Smith  and  Son,  of  Keighley, 
shows  the  difference  between  it  and  the  flyer  (Fig.  41). 
It  is  merely  a  sample  frame,    for    they   can   be   made 
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any  length  ;  180  spindles,  and  even  more,  being  now  com- 
mon.    The  upper  part  of  the  frame,  its  rollers,  carriers, 


Tig.  41. 


twine  and  draft  wheels,  are  on  precisely  the  same  prin- 
ciple as  those  shown  on  the  flyer  fx-ame,  the  draft  wheels 
here  being  shown  on  the  side  which  in  Fig.  39 
was  occupied  by  the  twine  wheels,  and  the  same  calcu- 
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lations  just  given  ai'e  applicable  to  this  frame  also. 
The  difference,  therefore,  is  in  the  spindles  and  caps.  As 
will  be  seen,  the  spindles  s  s  do  not  reach  the  bottom  rail 
of  the  frame,  as  in  the  case  of  the  flyer  frame.  Moreover, 
they  do  not  revolve.  They  are  stationary,  and  on  them 
is  placed  a  cap,  c  c,  which  is  a  steel  cup,  the  shape  of 
the  bobbin,  but  slightly  larger  so  as  to  admit  it  even 
wlien  full.  These  caps  can  be  taken  off  and  on,  and  must 
be  removed  to  change  the  bobbin,  but  while  the  frame 
is  running  they  remain  on.  The  rotatory  portion  is  a  small 
tube  or  shell,  which  fits  inside  the  bobbin,  and  to  which 
is  attached  the  wharl,  w  w.  This  is  placed  on  the  spindle, 
so  that  we  have — firstly,  the  spindle  standing  still  ; 
secondly,  the  shell  or  tube,  with  the  wharl  on  it  rotating 
round  the  spindle  and  resting  on  the  lifter  plate  E ; 
thirdly,  the  bobbin  revolving  with  the  shell,  but  fixed  on  to 
the  top  of  the  wharl  by  a  little  peg  which  stands  up  from 
the  latter  and  fits  into  a  groove  cut  in  the  bottom  of 
the  bobbin ;  and,  fourthly,  the  cap  resting  on  the  top  of 
the  spindle  and  therefore  remaining  stationaiy.  Instead, 
therefore,  of  the  flyer  revolving  round  the  bobbin,  and 
putting  in  the  twist,  we  have  the  bobbin  revolving  round 
the  spindle  and  inside  the  cap,  and  putting  twist  into  the 
yarn  for  itself.  The  cap  serves  a  double  pur])ose,  the 
bottom  rim  guides  the  yarn  where  to  wrap  round  the 
bobbin,  and  the  rest  of  it  forms  a  smooth  surface  round 
which  the  yarn  can  revolve  without  much  friction,  and 
without  rubbing  against  the  upper  part  of  the  bobbin 
while  filling  the  lower  part  As  we  shall  see  presently, 
the  action  of  a  cap  frame  is  very  similar  to  that  of  a 
worsted  mule ;  in  both  cases  the  bobbin  puts  in  the 
twist ;  the  cap  in  the  one  case  and  the  faller  and  counter- 
faller  wires  in  the  other,  clearing  the  yarn  from  the  top 
of  the  bobbins  prior  to  winding  on.  In  the  cap  fi-ame, 
however,  the  winding  on  is  continuous  ;  in  the  mule  it  is 
intermittent.  The  shell  and  bobbin  revolve  in  the  same 
direction  as  a  flyer  sj)indle,  viz.,  "  as  the  sun  goes."  If 
twelve  turns  are  to  be  put  into  the  yarn  per  inch,  the 
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bobbin  must  revolve  twelve  times  while  the  rollers  de- 
liver one  inch,  and  must  also  take  up  an  inch  of  the  yarn 
previously  delivered,  for  here  it  is  the  bobbin  that  both 
twists  the  yam  and  winds  it  on  to  itself  by  its  own  speed  ; 
and  the  greater  the  speed  the  more  tightly  will  the  yarn  be 
wound.  Therefore  when  the  bobbins  are  too  soft,  the 
only  way  of  making  them  harder  is  to  make  them  run 
faster  in  proportion  to  the  speed  at  which  the  yarn  is  being 
delivered ;  and  to  do  this  involves  putting  more  twist 
into  the  yarn,  which  is  the  most  serious  drawback  to  this 
method  of  spinning.  Owing  to  this  method  of  winding, 
the  yarn  is  wrapped  round  the  bobbin  in  the  opposite 
direction  from  that  of  a  flyer  frame  because  as  it  were, 
the  bobbin  drives  the  yam  before  it,  and  then  takes  it  up 
in  the  same  way  that  it  revolves. 

138.  Drawbacks  and  Advantages  of  Caps. — It  will 
be  seen  that  there  is  nothing  to  protect  the  yarn  while 
it  is  being  twisted.  It  revolves  at  a  great  speed  outside 
the  cap,  and  its  friction  against  the  air  must  be  very 
great.  To  prevent  the  ends  from  flying  into  each  other,  tin 
shields  are  fastened  between  each  bobbin,  and  against 
these  the  yarn  must  sometimes  beat.  The  consequence 
of  this  is  that  the  yarn  becomes  "  wild,"  and  loose  hairs 
stand  out  from  it,  so  that  it  has,  when  wound  on  to  the 
bobbin,  a  beard  or  fringe  all  round.  With  very  fine 
Botany  this  fringe  is  not  serious,  as  the  fine  hairs  do  not 
stand  out ;  but  with  lower  yarns  it  is  so  large  as  to 
prove  a  serious  objeccion,  and  make  it  worth  less.  The 
greater  cheapness  of  spinning  on  the  cap  as  compared  to 
the  flyer  counterbalances  this,  for  the  speed  at  which 
the  former  can  be  run  is  about  double  that  of  the  latter. 
The  reason  of  this  is  that  instead  of  the  long  flyer  spindle 
which  would  become  unsteady  at  a  much  greater  velocity 
than  3,000  revolutions  per  minute,  there  is  only  the 
little  shell  and  wharl  to  drive,  which  are  supported  inside 
by  the  stationary  spindle,  and  can  therefore  be  driven  at 
any  speed  necessary.  This  is  a  great  advantage  for  fine 
counts ;  for  if  they  were  to  be  spun  on  the  slow-running 
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flyer,  the  weight  per  day  turned  off  would  be  sadly  di- 
minished. 

139.  Movable  Cylinders  for  Cap  Frames.— The  fact 
that  the  wharl  moves  up  and  down  on  the  lifter  has  until 
quite  recently  been  a  serious  drawback^  by  making  spin- 
ning bands  irregidar  in  their  tension.  The  wheels  regu- 
lating the  lifter  (Fig.  41 )  are  at  b,  and  the  lifter  is  made  to 
rise  and  fall  by  the  action  of  the  reds  R  R,  which  are  worked 
by  pulleys  and  chair.s,  p  P ;  when,  therefore,  the  lifter  E 
is  at  the  top,  the  length  of  the  spinning  band  is  slightly 
different  to  what  it  is  when  the  lifter  is  at  the  bottom, 
and  thus  its  tension  and  driving  power  are  constantly 
altering.  When  the  bobbins  are  short,  this  is  not  very 
serious  ;  but  as  every  one  now  endeavours  to  spin  on  as 
large  a  bobbin  as  possible,  the  varying  tension  is  found 
to  be  a  great  drawback,  for  of  course  the  greater  the  dis- 
tance which  the  lifter  travels  the  gi-eater  will  be  the 
variation  in  the  band.  Mr.  Prince  Smith,  Juni-.,  and 
Mr.  Smith  Ambler,  of  Keighley,  have  taken  out  a 
patent  which  overcomes  the  difficulty  by 
making  the  cylinder  travel  up  and  down 
with  the  lifter,  and  thus  keep  the  bands 
as  xmiform  as  in  the  flyer  frame.  The 
lifter  motion  is  greatly  strengthened,  and 
heavy  balance  weights  are  attached  to 
make  the  cylinder  rise  and  fall  with  ease  ; 
but  the  principle  of  the  lifter  is  not 
altered  at  all.  It  is  worked  on  each  side 
as  before,  with  one  large  heart  and  with 
the  chains  and  pulleys.  The  great  difti- 
culty  has  been  that  the  driving  pulleys 
of  the  frame  have  always  been  on  the 
cylinder  end,  and  clearly,  they  could  not 
be  made  to  rise  and  fall  if  thereby  the 
driving  belt  would  be  made  slacker  or  tighter.  By  this 
invention,  however,  the  driving  belt  is  first  taken  round  a 
fixed  pulley,  c,  round  a  guide  pulley,  B,  the  driving  pulley, 
p,  and  finally  round  another  guide  pulley,  A  ;  or  the  reverse 
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way,  according  as  the  belt  may  run  (Fig.  42).  The  driving 
pulley  P  and  the  guide  pulleys  A  and  B  are  fixed  by 
their  axes  on  to  a  sliding-frame  which  moves    up  and 


Fig.  43. 

down  with  the  lifter,  and  thus,  whether  p,  A,  and 
B  are  at  the  top  or  at  the  bottom,  the  driving  belt 
is  always  kept  at  the  same  tension  by  the  lowest 
pulley  c.  This  simple  but  ingenious  contrivance  will 
enable  much  larger  bobbins  to  be  used  than  heretofore  on 
cap  frames.  Indeed,  there  seems  no  limit  now  to  the  size 
of  cap  bobbins,  because  as  they  are  fixed  on  to  the  shell 
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and  revolve  with  it,  the  drag  is  always  exactly  the  same 
whether  they  be  large  or  small,  full  or  empty  ;  and  there- 
fore it  has  only  been  a  question  of  the  varying  tension 
of  the  bands  that  has  kejDt  down  their  length.  With 
flyer  frames,  the  increased  drag  with  large  heavy  bobbins 
is  tlie  main  obstacle  to  increase  in  size. 

140.  Ring  Spinning. — The  latest  development  of 
throstle  spinning  is  the  ring  frame,  which  is  now 
superseding  the  flyer  frame  entirely  in  the  cotton  trade, 
and  has  been  also  used  with  success  both  for  spinning  and 
twisting  worsted.  The  drawing  here  given  (Fig.  43)  of  an 
8-spindle  sample  ring  frame,  as  made  by  Messrs.  Prince 
Smith  &  Son,  will  show  in  what  it  differs  from  the  flyer 
and  cap.  The  spindles  are  short  like  those  of  the  cap 
frame,  but  unlike  them  in  operation,  because  they  revolve, 
the  wharl  being  fastened  to  the  spindle.  Also  fastened  to 
it,  but  rather  above,  is  a  little  plate  with  a  peg  in  it  on 
which  the  bobbin  rests.  By  means  of  the  peg  the 
bobbin  is  fixed  to  the  spindle  and  revolves  with  it,  thus 

putting  in  its   own  twist. 

Fig.  44.  (Fig.  44)  is  made  of  steel 

and  turned  perfectly  true, 
any  flaw  being  a  fatal  defect  in  it.  It  is  fixed  on  to  a 
holder,  c,  by  two  I'ims,  b  b,  and  this  holder  is  sci-ewed  on 
to  the  ring  rail.  The  top  of  the  ring  has  a  flange,  and 
on  this  runs  the  traveller,  which  is  a  small  semi-circle 
of  finely-tempered  steel,  with  the  ends  somewhat  closed 
together  so  that  it  requires  pressure  to  squeeze  it  over  the 
flange  of  the  ring.  The  upright  block,  e,  is  the  traveller 
clearer,  which  knocks  off"  any  fibres  that  may  adhere  to 
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the  traveller.  These  rings  are,  according  to  the  pattern 
made  by  T.  Coulthard  &  Co.,  of  Preston — the  makers  of 
the  Booth-Sawyer  spindle — perhaps  the  best  and  most  ex- 
tensively used  of  any.  The  yarn  is  passed  under  the 
traveller,  and  as  the  spindle  revolves  in  the  same  direc- 
tion as  in  the  flyer  and  cap  frames,  the  yarn  is,  of  course, 
twisted  round  with  great  velocity  and  the  twist  put  in. 
The  bobbin  and  spindle,  of  course,  do  not  vary  in  speed  ; 
in  this  they  differ  from  the  flyer  frame  where  the  bobbin 
increases  in  speed  as  it  gets  fuller,  and  where  the  flyer 
always  goes  at  the  same  speed.  Here  it  is  the  traveller 
that  alters  slightly.  Its  duty  is  to  wind  the  yarn 
on  to  the  bobbin  and  to  affect  the  drag,  for  the 
larger  it  is  the  more  power  the  yarn  needs  to  exert 
to  pull  it  round,  and  therefore  the  greater  the  drag  on 
the  yam,  and  the  tighter  it  is  wound  on  to  the 
bobbin.  By  reducing  the  size  of  the  traveller  the  drag 
can  be  made  exceedingly  slight,  so  that  this  frame  is 
suited  for  very  fine  counts.  In  this  it  also  resembles  the 
mule,  because  the  spindle  puts  in  the  twist,  and  as  the 
bobbin  revolves  its  action  is  constantly  to  be  unwinding 
the  yarn,  while  the  drag  of  the  traveller  acts  so  as  to 
wind  it  on  again,  and  as  this  latter  is  the  greater  power 
of  the  two,  the  bobbin  is  filled. 

141.  Improved  Lifter  Motion. — The  drag  or  tension  of 
the  yarn  varies  a  good  deal  according  as  the  ring  rail  is 
at  the  top  or  the  bottom  ;  for  if  the  bobbin  be,  say,  four 
inches  long,  then  when  the  rail  is  at  the  bottom  there  is  a 
stretch  of  four  inches  more  yarn  to  pull  at  than  when  it  is 
at  the  top.  To  obviate  this  Mr.  George  Salt  has  patented  a 
very  simple  contrivance,  as  shown  in  three  diagrams  (Fig. 
45,  I,  II,  III).  He  merely  fixes  the  ring  rail,  h,  by  pillars, 
K  K,  or  other  fastenings  to  the  frame,  and  places  on  the 
spindle  a  tube  similar  to  that  used  in  cap  spinning.  The 
bobbin  fits  on  to  the  tube,  and  the  tube  rests  on  the 
lifter  rail,  F  F,  and  moves  up  and  down,  with  the  wharl, 
C  c,  also  moving  up  and  down  just  as  in  the  cap  frame, 
and  thus  the  bobbin  is  filled.      In  fact  he  merely  substi- 
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tutes  a  ring  and  traveller  for  the  cap.  Where,  however, 
the  spindles  are  long  like  flyer  spindles  he  secures  the 
ring  rail  as  before  mentioned,  but  in  place  of  using  short 
cap  tubes  to  run  on  them,  he  cuts  two  longitudinal 
grooves  or  key  ways,  p,  in  the  spindles  the  whole  length  of 
the  traverse.  On  each  spindle  he  places  a  washer,  Q,  and 
collar,  R,  which  rest  on  the  lifter  plate  ;  each  coUair  has 
two  keys  fastened  to  it,  which  slide  up  and  down  in  the 
grooves  of  the  spindle,  and  thus  ensure  that  the  collar 
and  the  bobbin  which  is  fixed  on  to  it  by  pins,  s  s,  revolve 
at  just  the  same  speed  as  the  spindle,  and  yet  move 
free  with  the  lifter  plate. 

142.  Important  Points  in  Ring  Spinning. — It  is  one 
of  the  advantages  of  ring  spinning,  that  an  ordinary 
flyer  frame  can  be  converted  into  a  ring  without  altering 
the  spindles.  All  that  is  needed  is  to  take  off  the  flyers 
and  the  lifter  rail,  screw  on  to  the  spindles  at  the  pro})er 
height  collars  with  a  peg  standing  up  on  which  to  fix  the 
bobbin,  and  then  to  put  on  the  ring  lail  to  work  up  and 
down.  The  change  is  so  inexpensive  that  it  gives  every 
one  a  good  opportunity  for  trying  ring  spinning,  and  if  it 
is  found  to  succeed,  the  short  spindles,  which  are  better 
because  they  are  steadier  and  can  be  run  faster,  can  then 
be  substituted.  The  most  important  points  to  attend  to 
in  ring  spinning  are  to  have  the  spindles  perfectly  true 
and  upright;  to  have  the  rings  also  true  and  set  exactly 
concentric  with  the  spindles,  i.e.,  to  have  the  centre  of 
the  spindle  exactly  in  the  centre  of  the  ring ;  to  have  the 
travellers  in  good  order  and  not  worn  sharp  or  uneven  ; 
and,  lastly,  to  see  that  no  waste  is  allowed  to  accumulate 
anywhere,  and  that  everytliing  is  kept  well  oiled.  The 
thn^ad  guides  must  also  be  set  exactly  over  the  top  of  the 
spinilles  so  that  the  yarn  when  revolving  shows  a  perfect 
cone.  This  is  an  imjiortant  point  in  all  spinning,  for  if 
the  guide  wire  be  on  one  side,  the  yarn  will  beat  against 
the  llyer  or  the  spindle  as  the  case  may  be,  and  will  be  apt 
to  get  broken  and  ruffled.  In  so  delicate  an  operation  as 
spinning,   the  greatest  attention  must   be  given  to  the 
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numerous  small  points,  and  according  as  they  are  cared 
for  or  neglected,  so,  other  things  being  equal,  will  the 
spin  be  good  or  bad.  There  is  probably  a  great  future 
for  ring  spinning,  and  even  for  ring  drawing  in  worsted, 
for  so  far  as  it  has  been  tried  it  has  answered  all  that  can 
be  expected  from  it.  Its  two  strong  points  are  that  it 
can  be  run  at  a  great  speed  and  yet  does  not  make  the 
yarn  so  wild  as  does  the  cap  frame. 

143.  Fox's  Ring  and  Cap  Trame.  —  A  combina- 
tion of  the  ring  and  cap  frame  has  been  invented 
and  patented  by  Mr.  Fox,  of  the 
firm  of  Messrs.  W.  Fison  &  Co., 
of  Burnley,  which  is  specially 
suited  for  lustre  wool,  and  for 
which  it  is  claimed  that  it  makes 
better  yarn  than  the  flyer  frame 
at  a  much  less  cost.  Fig.  46 
shows  it  in  section  and  in  eleva- 
tion. We  quote  the  following 
description  of  it  from  the  TextiU 
Manufacturer,  which  explains  its 
action  briefly  and  well ;  but  with 
this  additional  remark,  that  the 
ring  rail  is  fixed  and  stationary, 
the  filling  or  building  of  the 
bobbin  being  done  on  the  ordinary  cap  principle  of  the 
bobbin  moving  up  and  down  : — 

"  By  means  of  the  invention  we  now  illustrate  the  rato 
of  spinning  can  be  greatly  increased  over  that  of  the 
flyer,  in  fact  about  double,  without  impairing  the 
smoothness  or  brightness  of  the  yarn,  but  on  the  con- 
trary with  a  marked  improvement  in  both.  This 
remarkable  result  is  obtained  in  a  striking  and  simple 
way,  by  the  combination,  in  fact,  of  two  other  systems 
of  spinning,  viz.,  of  the  ring  and  traveller  with  the 
cap.  The  ring  and  traveller  are  applied,  of  course,  in 
a  particular  way.  Fig.  46,  i  is  a  section  of  the  com- 
ponent parts  of  the  spindle ;  Fig.  46,  ii  is  an  elevation.    In 
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Fig.  I,  A  is  the  spindle  which  remains  stationary,  being 
fixed  by  nuts  to  the  lower  rail,  H,  The  wharve,  B, 
together  with  sliding  tube,  c,  runs  loosely  on  the  spindle 
and  caiTies  the  bobbin.  Upon  the  top  of  the  spindle  is 
the  cap,  F,  covering  the  bobbin.  So  far  we  have  the 
ordinary  cap  spindle,  except  that  the  bottom  edge  of  the 
cap  is  shown  thickened.  Upon  the  upper  rail,  G,  is  carried 
the  ring,  e,  with  its  traveller,  and  the  principal  point 
upon  which  the  utility  of  the  combination  depends  is 
the  positions  of  the  ring  with  respect  to  the  lower  lip  of 
the  cap.  They  should  be  so  disposed  that  the  yarn  in 
its  course  from  the  traveller  to  the  bobbin  just  passes 
underneath,  and  in  gentle  contact  with,  the  widened  edge 
of  the  cap.  By  means  of  the  nuts  this  adjustment  is 
readily  made  to  the  required  nicety.  The  action  of  the 
whole  is  explained  in  a  few  words.  The  yarn  is  actually 
spun  on  the  ring  system,  but  the  projecting  fibres,  which 
would  make  it  stary  and  lack  lustre,  in  passing  beneath 
the  cap  get  laid  along  the  yam  and  twisted  into  the  body 
of  it.  We  may  say  it  is  practicable  to  use  a  heavier 
traveller  than  usual.  This  effect  of  the  application  of 
the  cap  is  easily  demonstrated.  By  raising  it  slightly,  so 
as  to  remove  contact  with  the  thread,  thus  practically 
converting  the  frame  into  an  ordinary  ring  frame,  it  will 
be  found  at  once  that  the  traveller  is  too  heavy,  and 
probably  the  end  wovild  break.  A  lighter  traveller  may 
be  substituted,  and  the  spinning  proceeded  with,  but  the 
result  will  be  that  the  yarn  is  i-ougher  than  that  produced 
with  the  flyer.  If  now  the  cap  edge  is  brought  into 
slight  contact  with  the  thread,  an  improvement  in 
smoothness  will  be  noticed,  and  a  heavier  traveller  will 
now  be  required  to  obtain  the  proper  drag  which,  in  a 
somewhat  curious  manner,  is  lessened  by  the  application 
of  the  cap.  With  proper  adjustment  the  yarn  produced 
is  smooth,  soft,  and  lustrous." 

The  speed  at  which  this  spindle  can  bo  run  for 
ordinary  lustre  is  4,500  per  minute,  while  2,500  is  the 
outside  for  a  lustre  yam  on  a  flyer  frame.     For  mohair 
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it  can  be  yun  up  to  5,000,  and  its  production  is  propor- 
tionately increased. 

144.  Mitchell's  Caps  for  Spinning  Bobbins.— Another 
invention  of  great  use  to  mohair  spinners  is  that  of  Mr.  Tom 
Mitchell,  of  Messrs.  Mitchell  Bros.,  Bradford,  for  prevent- 
ing the  formation  of  a  beard  on  spinning  bobbins  (Fig.  47.) 
With  mohair  and  other  wools  that  contain  strong  hairs, 


Fig.  47. 

and  especially  kemps,  there  is  always  at  the  top  of  the 
bobbin  a  beard  formed  by  the  centrifugal  force  which 
throws  the  loose  fibres  outwards,  and  when  the  lifter  is 
being  lowered  they  will  also  be  thrown  upwards.  During 
the  traverse  of  the  bobbin  these  hairs  are  bound  in  by 
the  layer  on  the  top  of  them,  but  at  the  top  of  the  bobbin 
they  fly  outwards  and  upwards,  so  that  there  is  nothing 
to  bind  them  down.  Consequently  a  wild  beard  is  formed, 
which  catches  and  often  breaks  the  thread  as  it  passes, 
and  even  gets  entangled  round  the  flyer  wing.  But  by 
simply  placing  a.  metal  cap  over  the  top  of  the  bobbin, 
with  its  edge  bent  down   to  just  below  the  rim  of  the 
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bobbin,  each  layer  of  beard,  instead  of  standing  up,  is 
bent  downwards,  and  so  gets  folded  in  with  the  succeed- 
ing layer  of  yai^n.  The  result  is  that  the  yarn  is 
smoother ;  the  long  hairs  are  better  twisted  in ;  the 
flyer,  instead  of  being  very  wide,  as  shown  in  B,  to  avoid 
the  beard  catching  it,  is  made  narrower,  and  fits  close  to 
the  bobbin,  thereby  improving  the  spin,  for  nothing  tends 
more  to  make  a  yarn  spin  badly  than  to  have  the  flyer 
too  large  for  the  bobbin.  In  all  these  ways  the  yam  is 
improved,  and  a  saving  is  obtained  in  the  amount  of 
waste  made. 

145.  Stop  Motions  for  Spinning  Frames. — The  greatest 
desire  of  all  inventors  in  the  worsted  trade  has  been  to 
make  a  spinning  frame  which  can  be  doffed  all  at  once 
mechanically,  without  each  flyer  having  to  be  unscrewed, 
and  also  to  make  a  frame  which  will  cause  no  waste  or 
lap  when  an  end  breaks.  The  former  of  these  is  far  the 
more  difficult ;  and  though  a  very  ingenious  attempt  was 
made  to  achieve  the  result  a  few  years  ago,  and  with 
considerable  success,  still  other  drawbacks  were  developed, 
and  therefore  the  frame  was  not  actually  the  saving 
which  it  proposed  to  be,  and  so  it  was  not  adopted 
by  the  trade.  With  waste-preventing  machines  much 
more  progress  has  been  made.  The  principle  which 
any  such  frame  must  adopt  is  to  stop  the  delivery  of 
roving  by  the  back  rollers  as  soon  as  an  end  breaks, 
for  even  were  it  possible  it  would  do  no  good  to  stop 
the  front  rollers.  It  is  also  impossible  to  stop  the 
motion  of  the  bottom  back  rollers,  because  to  ensure 
regularity  of  draft  they  must  be  all  fastened  together. 
Therefore  only  three  ways  seem  to  be  left :  either  the 
top  back  roller  must  be  lifted  up,  and  a  catch  operate 
to  hold  the  roving  from  being  dragged  down  by  the  front 
rollers,  or  else  the  delivery  of  roving  must  be  stopped 
either  by  stopping  the  roving  bobbin  itself,  or  by  stopping 
the  top  back  roller  without  lifting  it.  The  ffrst  of  these 
would  be  the  best,  but  is  the  most  difficult  because  it 
would   need   two  motions,  one  for  raising  the  top  back 
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roller,  and  the  other  for  stopping  the  roving.  But  it  is 
best,  because  the  roving  would  not  then  be  rubbed 
between  the  back  rollers.  To  the  second  way  the 
objection  is  that  if  the  roving  bobbin  be  stopped  and 
the  back  rollers  continue  to  revolve,  they  tend  to  grind 
the  roving  between  them ;  while  if  the  third  way  be 
tried,  and  the  top  back  roller  stopped  while  the 
bottom  one  revolves,  the  latter  will  tend  to  grind  the 
roving  against  the  former.  Patents  for  these  two  stop 
motions  have  been  taken  out  by  Mr.  Tom  Mitchell, 
above  referi'ed  to,  and  by  Messrs.  Crossley  &  Sutcliffe 
respectively ;  and  it  must  be  admitted  that  both  seem  to 
work  well,  and  certainly  prevent  waste.  Space  prevents 
us  from  describing  these  and  others  of  a  similar  kind  at 
length ;  but  we  quote  from  the  Textile  Manufacturer 
again  a  brief  notice  of  Mr.  Mitchell's,  which  is  the  simpler 
of  the  two  : — 

In  Fig.  48  "  the  old  parts  of  a  worsted  frame  are 
shown  dotted,  and  the  new  in  full  lines.  The  top  board, 
it  will  be  noticed,  is  dispensed  with ;  the  delf  or  potteiy 
eyes  for  the  yarn  are  fixed  instead,  in  levers,  c,  balanced 
in  brackets  attached  to  the  front  rail,  as  shown.  The  front 
pressing  rollers,  A  A,  are  as  usual ;  but  the  top  carriers,  J  J  J, 
instead  of  working  in  pairs,  as  formerly,  are  separated,  so 
a.s  to  work  independently.  The  bottom  feed  roller,  b,  is 
smooth;  it  may  be  made  of  the  old  feed-roller  shaft, 
with  the  flutings  turned  away.  The  top  feed-roller,  b\  is 
also  smooth,  and  to  dispense  with  the  springs  commonly 
employed  it  is  made  solid,  and  gives  the  pressure  on  the 
roving  by  its  weight  alone.  The  substitution  for  the  old 
roller  weighted  with  a  spring,  of  a  solid  one  acting  by  its 
own  gravity,  is  regarded  as  an  improvement,  because 
with  springs  the  pressure  put  on  the  roving  is  scarcely 
ever  uniform  throughout  the  frame.  The  bobbin,  K,  in- 
stead of  turning  in  a  peg,  is  mounted,  in  the  arrange- 
ment shown  in  enlarged  section.  The  cast-iron  washer, 
F,  has  two  pegs,  a  o,  which  enter  holes  made  in  the 
bobbin  bottom ;     this   washer    is   connected    by    bevel 
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gear  with  the  spindle,  E,  made  of  stout  iron  wire, 
mounted  as  shown,  and  carrying  at  its  lower  end  a 
toothed  wheel,  D.     Following  out  the  action  of  this  mo- 


Fig.  48. 


tion,  it  will  be  seen  that  as  the  roving  is  drawn  off  the 
bobbin  the  wheel  d  turns  slowly  round.  But  suppose 
an  end  breaks,  the  inner  end  of  the  lever  c  being  slightly 
heavier,  falls,  and  engages  the  teeth  of  wheel  D,  stop- 
ping its  further  revolution,  and  therefore  that  of  the 
bobbin,  which  consequently  delivers  no  roving,  thereby 
preventing  the  formation  of  laps  and  waste.     Tlie  feed- 
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rollers  b  b  continue  to  work,  but  being  smooth,  the  roving 
slips  between  them,  and  is  consequently  not  broken.  It 
might  be  thought  that  there  is  a  defect  here  in  the  fric- 
tion of  the  rolleis  on  tlie  roving,  but  we  are  informed 
that  even  with  the  softest  Botany  roving  at  present  spun 
it  is  found  not  detrimental  to  any  appreciable  extent." 

The  principle  of  Messrs.  Crossley  and  Sutcliffn's 
patent  is  very  similar,  but  is  applied  to  the  top  back 
roller,  which  is  caught  at  one  side  by  a  lever  when  an 
end  breaks.  They  also  use  two  bottom  back  rollers,  set 
rather  far  apart,  so  that  the  top  one  sinks  in  between 
them,  and  gets  a  firm  grip  of  the  roving,  and  when  it  is 
standing  prevents  it  from  being  drawn  through.  At  the 
present  time  when  economy  in  production  is  so  necessary, 
other  attempts  at  stop  motions  are  sure  to  be  made,  for 
when  waste  occurs  in  the  spinning  process  it  is  not 
merely  the  material  that  is  depreciated  in  value,  but  the 
cost  of  bringing  it  to  the  stage  of  roving  is  entirely 
thrown  away. 

146.  Worsted  Mule  Spinning. — In  the  preceding 
chapter  we  described  the  principle  of  what  is  known  as 
"  French  Drawing."  It  is  necessary  to  say  a  few  words 
here  on  the  process  which  follows  it,  mule  spinning.  So 
far  as  the  drafting  of  the  yarn  on  the  mule  is  concei'ned, 
it  is  in  every  way  the  same  as  in  throstle  spinning ;  there 
are  the  back  and  front  rollers  and  the  carriers  in  between. 
They  are  placed  differently,  being  in  the  mule  all 
horizontal,  whUe  in  the  throstle  they  are  set  at  an  angle 
of  about  45°.  But  this  in  no  way  aflfects  the  work. 
Similarly  with  the  throstle,  the  twist  is  being  put  into 
the  yarn  all  the  time  the  rollers  are  delivering,  and 
during  the  same  time  the  carriage  must,  of  coui-se, 
be  travelling  outwards  to  keep  the  yarn  stretched. 
So  far  it  is  hard  to  say  where  the  difference  in 
principle  is  between  the  mule  and  the  throstle,  for  tlie 
worsted  mule  is  entirely  different  to  the  woollen  mule, 
to  which  we  shall  refer  later  on  ;  the  latter  has  only  one 
pair  of  rollers,   the   draft  being  obtained   between   the 
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spindle  and  rollers  during  the  second  half  of  the  journey 
of  the  carriage  when  the  rollers  have  ceased  to  deliver  ; 
bxxt  the  former  closely  resembles  the  cotton  mule,  the 
draft  being  entirely  obtained  by  the  rollers,  and  the 
spindle  being  only  used  for  twisting  and  winding. 
When  the  carriage  comes  to  the  end  of  its  journey,  the 
counter-faller  wire  drops,  and  the  yarn  which  was  partly 
up  at  the  top  of  the  spindle  to  allow  the  twist  to  be  put 
in,  is  now  guided  to  its  proper  place,  and  the  spindles, 
which  had  stopped  for  a  moment,  begin  to  wind  on  the 
yarn  as  the  carriage  returns  to  its  starting  point  at  the 
rollers.  Now  the  difference  between  mule  and  thro.stle 
yarn  spun  off  the  same  wool  to  the  same  counts  is  that 
the  former  is  more  bulky,  more  spongy  than  the  latter  ; 
and  when  it  is  woven  it  makes  a  softer,  fuller  piece  of 
cloth,  one  which  seems  to  have  more  body  in  it.  The 
reason  for  this  seems  to  lie  partly  in  the  previous 
drawing,  and  partly  in  the  spinning.  As  we  have  seen, 
the  French  drawing  has  no  twist  to  put  into  the  slub- 
bing ;  it  rubs  it,  and  thus  is  always  working  the  fibres 
sideways,  as  well  as  pulling  them  lengthways.  This  will 
help  to  make  them  round  and  springy,  instead  of  fiat  and 
dead,  and  thus  give  a  fuller  thread.  The  same  is  seen 
in  the  spinning.  On  a  throstle  frame  the  yarn  is  first 
passed  through  and  rubbed  against  the  "  pot-eye  "  of  the 
wire-board,  and  then  tightly  wound  round  a  hard  bobbin, 
the  whole  thing  being  done  in  7  or  8  inches  at  the  most 
after  it  leaves  the  nip  of  the  I'ollers.  In  addition  to 
tliis,  on  a  flyer  frame  the  yam  is  twisted  round  the 
wing,  and  through  the  flyer  eye,  while  in  a  cap  frame  it 
is  whirled  round  in  the  air,  and  then  drawn  under  the 
hard  edge  of  the  cap  bottom.  Every  one  of  these 
operations  must  have  a  distinct  effect  in  flattening  the 
yarn,  and  in  stretching  it,  thereby  taking  out  a  large 
pai-t  of  what  little  elasticity  was  left  after  the  drawing. 
In  the  mule  all  this  is  avoided.  From  the  time  of 
leaving  the  rollers  to  being  wound  on  to  the  bobbin  the 
yarn  touches  nothing  ;  one  small  part  of  it  is  constantly 
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slipping  over  the  spindle-point,  but  this  is  only  an  inch 
or  two  out  of  a  reach  of  about  four  feet,  and  therefore  can 
have  no  effect  on  the  whole.  Nor  is  there  any  severe 
tension.  The  carriage  goes  at  the  same  speed  as  the 
rollers,  and  just  keeps  the  yarn  level  without  stretching 
it  at  all  ;  and  at  no  period  does  the  di-ag  alter  in  the 
least  degree,  whereas  in  the  flyer  frame  it  is  never  the 
same  for  five  minutes  together.  The  whizzing  through 
the  air  caused  by  cap  sjnnning  is  also  avoided,  for  instead 
of  describing  a  large  circle  as  cap  yarn  does,  it  revolves 
to  receive  the  twist  almost  on  its  own  axis.  It  cannot 
fly  round  in  a  wider  circle,  because  the  carriage  travelling 
keeps  it  tight.  The  result  is  that  for  each  journey  of  the 
carriage  we  have,  say,  four  feet  of  yarn  in  its  natural  state 
unrubbed  and  unflattened,  with  as  much  of  the  elasticity 
and  spring  of  the  wool  preserved  as  possible.  Where, 
therefore,  it  is  of  the  first  necessity  to  have  this  soft  bulky 
yarn,  the  mule  must  have  the  preference,  whether  the  yai-n 
be  spun  in  England  or  France.  Where  economy  is  more 
important,  the  balance  seems  to  incline  to  the  cap  frame, 
for  mules  take  up  just  twice  as  much  room,  do  not  turn 
off  the  same  weight  of  yarn  per  spindle,  and  require 
men  and  boys  to  mind  them.  To  set  against  that  loss, 
the  same  quality  of  wool  can  be  spun  to  a  higher  count 
on  the  mule  than  on  the  throstle,  wliich  in  many  cases  is 
a  very  great  advantage.  But  as  in  drawing,  so  in  sj>in- 
ning.  The  style  of  frame  used  for  spinning  must  ulti- 
mately depend  on  the  sort  of  yarn  that  is  wanted,  and 
this,  rather  than  any  other  considerations,  will  determine 
whether  the  worsted  mule  is  to  take  its  jilace  along  with 
the  throstles  in  English  mills. 

147.  Calculations  for  Yarn. — It  remains  only  now  to 
give  the  calculations  for  the  weights  of  worsted  yarns. 
The  method  on  which  the  counts  are  reckoned  is  very 
simple.  In  every  hank  there  are  560  yards,  and  the 
count  of  the  yarn  is  the  same  as  the  number  of  hanks 
per  lb.  avoirdupois.  Thus  I's  is  1  hank  of  560  yards 
per  ]1>.  ;  3(j's  is  30  hanks  of  the  same  length  ]»er  lb.      A 
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gross  is  144  hanks,  and  therefore  the  weight  of  the  gross 
varies  with  the  count.  To  find  the  weight  of  one  hank, 
divide  the  count  into  256  (the  drams  in  1  lb.).  Thus, 
256  -f  36  =  7-11  the  weight  of  one  hank.  To  find  the 
weight  of  a  gross  divide  the  count  into  144.  Thus 
144  -i-  36  =  4  lbs.  It  will  be  found  that  if  a  number  of 
yards  the  same  as  the  count  of  the  yarn  be  weighed,  they 
will  be  the  same  weight  whatever  be  the  number ;  thus, 
1  yard  of  I's,  30  yards  of  36's,  60  yards  of  60's,  all  weigh 
alike,  and  the  weight  is  \'2h  grains  troy.  This  is  called 
the  count  weight.  To  be  more  accurate,  it  is  better  to 
weigh  half  a  hank  or  280  yards,  wliich  can  best  be  done 
by  reeling  40  yards  of  each  of  7  bobbins,  and  its  weight 
will  be  half  256  divided  by  the  count.  Another  test  is 
to  divide  1,000  as  a  constant  number  by  the  number  of 
hanks  per  lb.  avoirdupois,  and  the  quotient  will  be  the 
weight  of  80  yards  in  troy  weight.  Then  80  yards  can  be 
reeled  and  weighed  to  see  if  correct. 

It  may  be  useful  here  to  give  the  tables  for  reckoning 
yarn  of  other  materials  and  countries.  Woollen  yarn  is 
reckoned  in  skeins,  the  scale  being  based  on  the  number 
of  yards  per  dram.  Thus,  5's  or  5-skein  yarn  contains 
5  yards  per  dram,  or  80  yards  per  ounce,  and  so  on  for 
any  count.  This  is  the  Leeds  and  Yorkshire  system,  but 
there  are  others  in  other  districts  which  are  irregular  and 
not  based  on  any  good  principle.  For  cotton  yarn  the 
scale  is : — 

1|  3'ards  =      1  thread 
120      „       =    80      „         =1  lea  or  rap 
840      „        =  560      „         =  7    „         »      =  1  hank. 

The  counts  signify  so  many  hanks  per  lb.  To  find 
the  count  of  any  yarn,  weigh  any  number  of  leas,  add 
three  cyphers  to  the  number,  and  divide  by  the  weight 
in  grains,  and  the  result  is  the  count.      If  1  lea  weigh 

20  grains,  then  -„.~   =  50,  wliich  is  the  count  of  the 

yam.  It  will  be  seen  that  as  a  worsted  hank  is  560 
yards,  and  a  cotton  one  840  yards,  one  yard  of  worsted 
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will  weigh  the  same  as  one  and  a  half  of  the  same  count 
of  cotton. 

For  English  linen-yarn  the  scale  is  : — 

2^  vards  =  1  thread 

300    '  „       =       120     „       ==      1  lea 
3,000       „       =    1,200      „       =    10   „   =    1  hank 
00,000       „       =  24,000      „       =  200   „   =  20     „    =  1  bundle. 

For  Irish  linon-yarn  : — 

2  J  yards  =  1  thread 

300       „       =       120      „       =      1  lea 
3,G00       „       =    1,440      „        =     12    „    =     1  hank 
60,000       „       =24,000      „        =200    „   =  16|    „    =  1  bundle. 

The  count  in  both  cases  is  the  number  of  leas  per 
lb.,  thus  40  leas  =  1  lb.  =  40's  counts. 

The  following  table  of  lengths  of  hanks  of  difFeront 
yarns  in  different  countries  appeared  in  the  Textile 
Manufacturer.  It  is  given  for  single  yarn  "in  the 
grey,"  i.e.,  undyed  and  nnscoured.  We  shall  see  later 
on  that  yarns  lose  a  good  deal  in  dyeing,  scouring,  and 
also  in  twisting;  and  therefore  it- is  impossible  to  tell, 
after  the  two  former  processes  at  any  rate,  what  the 
actual  count  of  the  yarn  originally  may  have  been. 

lAUDS. 

Worsted  yarn Gorman   840 

(weft)..  English    560 

French 787 

Prussian  1,604 

Saxon  495 

Austrian 1,500 

Elbeuf 3,938 

Sedan  1,633 

English    560 

German   1,604 

„          407 

English    840 

French 1,094 

English    300 

French 800 

German   300 

Austrian 12,268 


Woollen 


Mungo 

Vigogne 

Cotton 

Flax 
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TAKDS. 

Silk,  Organzine  or  Trame 525 

Spun  Silk 840 

„  Swiss 547 

Mohair  Yarn  560 

Alpaca      „      560 


CHAPTER  IX. 

WOOLLEN     CARDING. 

148.  The  Woollen  Trade. — So  much  lias  been  written, 
both  recently  and  in  past  times,  on  the  processes  of 
woollen  manufacture,  that  very  little  can  be  said  here 
which  has  not  been  said  in  one  form  or  another  before. 
With  worsted  the  contrary  is  the  case.  Though  the 
operations  of  the  worsted  spinner  are  much  more 
numerous  and  complicated  than  those  of  the  woollen 
spinner,  very  little  has  been  written  on  the  subject ;  and 
we  have,  therefore,  explained  at  considerable  length  the 
principles  of  the  various  processes  of  the  trade.  But 
though  the  preliminary  operations  in  the  woollen  trade 
previous  to  spinning  may  be  said  to  consist  merely  of 
carding,  they  are  none  the  less  important;  for  where 
there  is  only  one  process,  if  it  be  spoilt,  the  whole  work  is 
ruined;  but  where  there  are  many,  the  faults  of  one  may 
be  covered  by  those  which  follow.  In  the  woollen  ti'ade 
everything  depends  on  the  carding,  and  the  workman 
must  therefore  be  thoroughly  acquainted  with  every 
detail  of  his  machines. 

149.  Shake  Willey. — We  have  seen  the  wool  washed 
and  dried,  and  have  now  to  work  it  up  ready  for  the 
scribblers  or  cards.  In  order  to  free  it  from  any  dirt  or 
dust  which  may  still  be  adhering  to  it,  and  also  to  shake 
loose  any  matted  pieces,  the  wool  is  usually  passed 
through  a  shake  willey  or  willow,  which,  without  doing 
anything  that  can  be  called  carding,  opens  it  and  makes 
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it  light.  Fig.  49  represents  one  of  these  machines 
in  its  front  view  and  also  in  section.  The  wool  is 
placed,  an  armful  at  a  time,  on  the  grating,  D,  which 
is  then  lifted  up  by  the  handle  so  as  to  bring  it  close 
to  the  spiked  swift  seen  inside,  which  revolves  400 
or  500  times  a  minute  in  the  direction  shown  by  the 
arrow.  The  three  spiked  workers,  c  c  c,  revolve  above  it 
in  the  opposite  direction,  and  as  the  wool  is  carried  up  by 
the  swift  rapidly  past  them  it  gets  torn  and  shaken.  As 
it  falls  again  it  is  beaten  against  the  grating,  d,  and  a 
great  part  of  the  dirt  and  dust  in  it  falls  through  into  the 
box  beneath.  There  is  also  a  chimney  at  the  back  with 
a  circular  fan  at  its  lower  end  driven  very  rapidly  by  the 
shaft  E,  which  blows  the  dust  out,  and  thus  between  the 
two  the  wool  is  greatly  cleaned,  and  yet  is  very  little,  if 
at  all,  broken.  This  machine  is  often  used  befox'e  washing 
for  dusty  wools,  such  as  skin  wool,  and  by  its  means  large 
quantities  of  lime  and  sand  are  blown  away,  and  a  saving 
in  soap  is  effected.  No  wash-house  where  dusty  wool  is 
used  should  be  without  this  machine.  To  prevent  the 
dust  coming  out  in  front  a  curtain  is  attached  to  the 
front  bar  of  the  grating,  d,  which  covers  the  mouth 
when  the  grating  is  raised.  The  only  objection  to  this 
machine  is  the  danger  to  the  workers,  for  the  swift  is  not 
stopped  with  each  change  of  wool.  The  man  who  feeds 
it  simply  lets  down  the  grating  when  he  thinks  the  wool 
is  sufficiently  shaken,  and  carefully  putting  his  arms 
inside  gathers  up  all  the  wool  that  is  lying  on  it,  and 
then  throws  in  another  armful.  It  is  clear  that  want  of 
care  would  cause  a  very  serious  accident  in  this  case,  and 
to  remove  the  danger  another  machine  has  been  invented 
which  is  fed  by  an  apron,  and  which  automatically 
empties  itself  into  another  apron  at  fixed  intervals.  It  is 
not  so  simple  as  the  above,  and  more  costly,  both  serious 
drawbacks  to  its  adoption. 

150.  Blending  and  Oiling. — When  the  wool  has  been 
thus  willeyed,  the  important  i»rocess  of  blending  and 
oiling  takes  place.     Wo  have  seen  that  in  worsted  draw- 
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ing  the  blending  can  most  conveniently  be  made  in  the 
top,  that  is,  after  combing  ;  biit  here  it  must  be  made  before 
carding,  or  not  at  all.  It  is  one  of  the  most  important 
operations  in  the  whole  manufacture  ;  for  if  not  properly 
done,  the  thread  will  be  uneven,  and  the  different  qualities 
or  colours  not  properly  mixed.  Blending  may  mean 
many  things.  It  may  be  different  colours  of  dyed  avooI, 
or  wool  and  shoddy,  mungo  or  flocks,  or  wool  and  cotton, 
or  wool  and  silk,  or  all  these  together.  But  whatever 
the  materials  may  be,  there  is  one  elementary  rule  to  be 
followed,  viz.,  to  spread  out  each  layer  of  material  as 
thinly  as  possible  on  a  large  clean  floor,  laying  one  over 
the  othei",  so  that  no  great  thickness  of  one  material  can 
ever  be  found  together.  As  each  fresh  layer  is  put  on 
the  whole  should  be  beaten  down  with  sticks  to  press  it 
into  those  below,  thus  helping  the  union  of  the  sorts. 
When  the  ])ile  is  made — we  are  assuming  now  that  it  is 
all  of  wool  in  some  shape — it  is  taken  away  by  pulling 
off  one  side,  and  not  off  the  top,  and  is  then  passed 
through  a  mixing  machine,  which  is  another  form  of 
willey,  but  which  is  sometimes  called  a  "  fearnought," 
presumably  because  it  is  so  powerful  that  it  can  tear  up 
whatever  is  put  into  it.  After  this  operation  the  bleiid 
is  again  spread  on  the  floor  and  oiled,  and,  if  necessary, 
also  watered  ;  but  it  is  better  to  have  the  wool  damp  from 
the  dryer  rather  than  to  dry  it  thoroughly  and  wet  it 
again,  as  a  second  wetting  is  never  so  uniform  as  the 
moisture  left  in  after  washing.  The  oil,  of  Avhich  we  have 
spoken  in  Chapter  III.,  is  sprinkled  on  the  wool  by 
means  of  an  ordinary  waterihg-can  with  a  T-sliaped  rose 
— if  the  expression  can  be  allowed — and  as  each  layer  is 
spread  on  the  floor  more  oil  is  sprinkled.  The  quantity 
used  varies  very  much,  but  for  blends  half  wool  and  half 
shoddy  10  lb.  of  oil  per  100  lb.  of  wool  is  a  common 
allowance.  When  the  shoddy  is  inci'eased  more  oil  must 
be  used  to  help  the  spinning.  The  blend  is  again  passed 
through  the  fearnought,  and  is  then  ready  for  scribbling. 
Some  persons  prefer  to  oil  the  blend  as  it  is  flrst  made, 
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and  probably  there  is  not  much  difference  in  result 
between  the  two  methods,  though  by  the  former  it  seems 
as  if  the  wool  would  be  more  ready  to  mix  than  when  it 
was  made  rather  sticky  and  heavy  with  oil. 

151.  Mixing  Wool  and  Cotton. — For  mixing  wool  and 
cotton  together  for  Vigogne  yarn,  such  as  is  largely  made 
in  Belgium  and  Saxony,  the  method  is  different.  The 
wool  must  be  freed  from  all  dirt,  etc.,  by  willeying  and 
thorough  washing,  it  must  then  be  oiled  and  again 
willeyed  to  spread  the  oil  over  all  the  fibres,  and  it  is  all 
the  better  for  being  passed  through  a  preliminary  carding 
machine.  The  cotton,  which  must  be  clean  and  long  in 
staple,  must  also  go  through  an  opening  machine  and  a 
card  to  straighten  the  fibres.  The  requisite  quantities 
are  then  weighed  and  blended  together  in  the  usual  way. 
The  cotton  absorbs  a  little  oil  from  the  wool,  but  if  it 
were  not  for  the  preliminary  working  of  the  latter,  the 
cotton  would  absorb  nearly  all.  The  blend  thus  made 
should  be  passed  more  than  once  through  some  machine 
like  the  fearnought  to  have  it  well  mixed  before  carding. 
These  somewhat  elaborate  mixings  are  hardly  needed 
where  just  a  little  cotton  is  mixed  with  the  wool,  as  is 
very  often  the  case  in  those  mills  where  cheap  cloths  are 
made,  but  still  the  wool  blend  must  always  be  oiled  first, 
and  willeyed  once  before  the  cotton  is  added.  In  mixing 
wool  and  silk  waste  the  same  course  must  be  followed, 
and  care  must  be  taken  that  the  oleine  oil  is  of  the  best 
quality,  and  free  from  acid. 

152.  Care  Needed  in  Blending. — It  is  not  enough  to 
see  that  the  blend  is  jjroperly  made.  That  is  the  duty 
of  the  workmen ;  but  the  master  must  take  care  that 
siutable  materials  are  used.  Naturally  much  depends  on 
the  style  of  yarn  desired,  but  it  is  a  good  rule  not  to  mix 
different  qualities  too  much.  A  short  fine  wool  is  lost 
among  that  which  is  long  and  strong ;  and  though  it  may 
have  its  use  in  feeding  the  yarn  and  making  it  look 
bulky,  its  full  value  is  partly  lost.  Another  point  to  be 
attended  to  is  not  to  run  the  quality  down  so  much  as  to 
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have  a  bad  spin  and  much  waste,  that  is,  not  to  try  and 
spin  the  wool  beyond  its  limits.  Waste  is  such  an  ex- 
pensive item,  that  it  is  often  cheaper  to  use  better 
material  at  a  greater  initial  cost,  and  thus  make  a  greater 
percentage  of  yarn  and  less  waste.     It  may  be  difficult 


to  realise  the  importance  of  careful  blending  when  all  the 
wool,  etc.,  is  one  colour,  but  if  three  or  four  shades  very 
different  from  each  other  are  blended  imperfectly  as  an 
experiment,  the  result  will  be  a  streaky  yarn  and  a  spoilt 
cloth.  The  damage  is  then  visible,  which  is  not  the  case 
when  all  is  one  colour  ;  but  this  test  shows  that  the  yarn, 
when  the  blending  is  imperfect,  is  streaky  and  unequal, 
whether  it  can  be  seen  or  not. 

153.  Mixing  Willey. — The  fearnought  willey,  to 
which  reference  has  been  made,  is  shown  in  elevation  in 
Fig.  50  and  in  section  in  Fig.  51.  The  feeding  apron  is 
at  a,  the  feed  rollers  at  ll.  The  swift,  whicli  is  covered 
with  strong  tenter-hook  teetli,  revolves  rapidly,  carrying 
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Fig.  51. 


the  wool  upwards  to  the  workers,  b  b,  by  which  it  is 

caught  and  drawn  out.     The  strippers,  C  c,  in  turn  take 

it  from  the  workers,  both  of  these  revolving  the  opposite 

way  from  the  swift,  and  the  swift  again  catches  it  ani 

takes  it  on.     Finally,  a 

hollow    drum,    F,    with 

straight    spikes    on    it, 

beats  the  wool    off  the 

swift,     and     throws     it 

out   into   a  box  at  the 

other  side. 

154.  Shoddy,  Mungo, 
and     Flocks.  —  A  few 
words     must    here     be 
said  on  re-manufactured 
fibres,     known    to     the 
-world  under  the  common  name  of  "  shoddy."     There  are 
few  more  unreasonable  and   foolish  prejudices  than  that 
against   shoddy,  and    so    far   from    it    being  a  term  of 
reproach,  it  should  really  be  one  of  praise ;  for  the  man 
who   first    brought   shoddy   into   use    has    conferred   an 
incalculable  benefit  on  the  world,  and  enabled  millions  of 
persons  to  be  warmly  and  cheaply   clothed,   who  must 
otherwise  have  been  shivering  with  cold.     It  would  be 
as  reasonable  to  despise  paper-makers  because  they  use 
up  linen  rags,  or  to  despise  dyers  who  use  colours  made 
from   coal-tar,    as   to    despise    manufacturei's   who    use 
up    waste   woollen    rags   as    shoddy.       It    is   said    that 
125,000,000  lbs.  of  shoddy,  mungo,  etc.,  are  manufactured 
into  cloth  every  year  in  England  alone.     If  this  immense 
quantity   were    wasted,   it    is    difticult   to    estimate   the 
increase  which  would  take  place  in  the  price  of  wool,  and 
the  consequent  dearness  of  cloth,  but  the  result  would  be 
that  countless  persons  would  be  unable  to  afford  proper 
clothing.     Shoddy  is  the  woiked-up  waste  of  soft  woollen 
goods  which  have  not  been  milled  and  felted,  such  as  stock- 
ings, flannels,  and  soft  merinos,  etc.,  and  is  also  made  from 
hard  spinning  waste.    Mungo,  on  the  other  hand,  is  made 
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from  hard  spun  and  felted  cloth,  such  as  broad  cloth,  and 
generally  all  cloth  used  for  men's  clothing  which  is  free 
from  cotton.  Extract  is  the  wool  derived  from  waste 
materials  Avhich  have  had  cotton  or  linen  in  them ;  and 
Flocks  are  the  waste  from  the  finishing  machines  in  cloth 
mills,  and  are  little  better  than  dust.  Shoddy  is  the  best 
of  all  these,  being  longest  in  fibre,  but  when  it  is 
examined  under  a  microscope,  it  is  seen  that  the  scales 
are  destroyed  to  a  great  extent,  and  the  fibre  uneven  a3 
if  it  had  been  stretched  too  much  in  previous  operations. 
Consequently  it  is  not  so  good  for  spinning  or  for  felting 
as  new  wool  of  the  same  length  ;  but  as  it  is  very  short, 
it  is  found  to  work  up  and  be  held  sufficiently  well  by  a 
very  little  new  wool  mixed  among  it.  As  shoddy  is 
made  largely  from  combed  wool,  it  would  aj)pear  that 
the  fibres  are,  to  some  extent,  damaged  by  tlie  many 
operations  of  the  worsted  trade.  The  best  and  longest 
shoddy  is  made  from  hard  worsted  spinning  w^aste. 
Mungo  is  shorter,  and  has  almost  to  be  ground  up  if  the 
cloth  from  which  it  is  made  has  been  much  milled,  and 
it  consequently  is  not  so  valuable.  It  is  a  saying,  how- 
ever, in  the  district  where  it  is  used,  that  any  fibre  can 
be  spun  if  it  only  be  long  enough  to  have  two  ends,  and 
this  is  apparently  true  from  the  fact  that  waste  which 
seems  little  more  than  particles  of  dust  can  be  mixed 
with  a  little  wool,  and  made  into  a  handsome,  warm,  and 
really  substantial  cloth.  Extract  varies  in  length 
according  to  the  cloth  it  is  made  from.  It  is  extracted 
by  the  method  of  carbonisation  previously  described, 
either  before  it  is  re-manufactured  or  afterwards.  In 
the  former  case  the  cotton  is  first  burnt  out,  and  the 
wool  which  is  left  is  worked  up  like  shoddy  ;  or  the  whole 
material  is  worked  up  and  the  cotton  from  it  only  ex- 
tracted when  the  cloth  is  made.  But  this  latter  can  only 
be  done  when  there  is  little  cotton  in  it.  Flocks,  as 
already  stated,  are  made  by  the  cloth  finishing  machines, 
and  are  like  powder  when  made.  They  are  chiefly  used 
fur  stuffing  uiattrest,es,  but  can  bo  mixed  in  with  shoddy 
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and  wool  for  low  thick  cloths.  Tho  machines  by  which 
the  first  three  of  these  materials  are  made  are  various. 
The  one  for  opening  the  looser  waste  is  called  a  Garnett, 
from  the  name  of  its  maker,  and  is  in  principle  like  a 
fearnoiiglit,  with  two  swifts  and  two  sets  of  other  rollers, 
but  is  covered  more  closely  with  strong  teeth.  Tho 
machine  for  making  mungo  is  popularly  known  as  a 
"  devil  "  from  the  way  in  which  it  tears  up  and  maltreats 
whatever  it  gets  hold  of.  In  effect  they  are  all  much  alike, 
and  do  not  need  furtlier  description.  The  manufacture 
of  these  waste  products  is  a  trade  by  itself,  and  the 
woollen  spinners  buy  their  shoddy,  etc.,  in  the  same  way 
as  they  buy  their  wool. 

155.  Burring  Machine. — We  have  assumed  so  far  that 
all  the  wool  used  for  the  blends  of  which  we  have  spoken 
is  free  from  burrs  and  all  other  vegetable  matters.  But 
this  is  not  the  case  until  something  has  been  done  to  re- 
move them.  In  the  wool-sorting  a  good  deal  can  be 
done,  but  when  wool  is  full  of  burrs,  seeds,  etc.,  and  is 
what  is  generally  called  "  sliivey,''  sorting  and  shaking 
can  do  little.  The  wool  must  either  have  the  burrs,  etc., 
chemically  extracted,  or  be  passed  through  the  burring 
machine.  The  former  is  the  best  way  when  the  "  shivs," 
etc.,  are  small,  the  latter  when  there  are  only  burrs  to 
contend  with.  Some  object  to  extracting,  because  it 
damages  the  fibres,  making  them  harsh  and  brittle,  but 
when  carefully  done,  they  do  not  suffer ;  and  on  the  whole 
it  is  the  most  economical  way.  The  burring  machine  is, 
however,  so  extensively  used,  and  is  so  different  in  its 
construction  from  all  the  class  of  willeys,  that  it  must  be 
described.  The  outside  is  very  similar  to  a  fearnought,  and 
therefore  need  not  be  shown,  but  a  view  of  a  section  of  the 
inside  is  here  given  (Fig.  52).  The  wool  is  fed  in  at  the 
right-hand  side,  and  received  between  two  small  rollers, 
which  pass  it  on  to  a  spiked  drum  or  beater.  A,  revolving 
downwards.  This  separates  it  and  lays  it  on  a  travelling 
apron,  B,  which  carries  it  to  c,  a  similar  brush.  This  brush 
lifts  it  up  to  the  swift,  D,  which  is  curiously  constructed. 
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Iti^  covered  with  steel  plates  1;^  inch  wide,  which  have 
fine  steel  needle  teeth  sticking  out  of  them  on  the  side 
towards  which  the  swift  i-evolves.  These  needle  teeth 
slant  slightly  upwards,  but  do  not  rise  above  the  surface 
of  the  swift ;  therefore  they  are  not  shown  in  a  sectional 
diagram.  As  the  swift  revolves  quickly  the  reverse  way 
of  the  circular  brush,  c,  and  as  the  bristles  of  the  latter 


Fig.  52. 


touch  the  face  of  the  former,  the  needle  teeth  catch  the 
wool  and  carry  it  on.  The  two  small  rollers,  f  f,  take  any 
wool  still  remaining  on  c,  and  carry  it  to  the  swift ;  the 
lower  roller,  f,  being  covered  with  steel  card  clothing,  the 
upper  one  being  a  stiff  brush  to  press  the  wool  on  to  the 
needles  of  the  swift.  The  wool  is  now  in  these  needles 
and  the  burrs  are  hanging  on  outside,  when  the  swift 
passes  the  first  burring  roller,  g,  which  knocks  off  a 
number  of  the  burrs.  The  longer  the  wool  the  nearer 
must  the  burring  roller  be  set  to  the  swift ;  the 
shorter  it  is  the  farther  off  must  the  roller  be.  This  is 
because  the  long  wool  has  a  better  hold  of  the  needles, 
and  can  bear  to  be  beaten  better,  and  also  because  the 
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long  wool  has  a  firmer  hold  of  the  burrs.  But  with  short 
wool  the  roller  must  be  put  back  or  it  would  knock  out 
the  wool  along  with  the  buirs.  For  very  short  wool  this 
roller  is  not  used  at  all.  The  wool  then  passes  under 
H  H,  called  ledger  blades,  which  are  flat  pieces  of  iron, 
made  ])ointed.  Between  these  two  is  the  second  and 
more  powerful  burr  roller,  which  knocks  off  all  the  burrs 
on  to  a  grating,  through  which  they  are  beaten  by  the 
roller  j.  Passing  on,  the  wool  meets  another  circular 
brush,  K,  which  revolves  more  quickly  than  the  swift,  and 
so  brushes  the  wool  out  of  the  needle  teeth  and  throws  it 
out  into  a  box  beyond.  Of  course  a  good  deal  of  wool 
adheres  to  the  burrs,  but  this  can  be  extracted  by  car- 
bonisation in  the  usual  way. 

156.  Card  Feeding  Machines.  Evan  &  King's. — We 
now  have  the  wool  ready  for  the  scribbler,  or  first  carding 
machine,  and  will  describe  the  apparatus  for  feeding  it 
before  the  working  of  the  machine  as  a  whole,  or  its 
various  parts.  The  old-fashioned  way  was  to  spread  the 
wool  by  hand  on  the  apron  at  the  back  of  the  feeding 
rollers.  A  pair  of  scales  was  fixed  to  every  card,  and  the 
minder  had  to  weigh  each  lot  of  wool  as  he  or  she  spread 
it  on  the  apron.  The  apron  was  marked  in  certain 
spaces,  so  that  a  given  weight  of  wool  might  be  spread  on 
a  given  space.  This  depended,  of  course,  on  the  atten- 
tion and  care  of  the  minder,  a  very  doubtful  quantity, 
the  only  certainty  being  that  it  would  be  deficient,  and 
therefore  the  result  always  was  that  the  feeding  was  ir- 
regular and  the  delivery  at  the  other  end  equally  so. 
This  did  not  matter  so  much  in  carding  before  combing, 
or  even  in  carding  before  drawing,  for  low  worsteds, 
because  the  drawing  levelled  the  sliver.  But  for 
woollens  it  was  a  very  grave  fault,  as  uneven  work  at 
the  beginning  was  felt  at  the  condenser,  and  therefore 
in  the  yam.  A  mechanical  feeding  apparatus  was 
therefore  necessary,  and  the  one  most  used  in  this 
country  is  the  invention  of  Messrs.  Evan  &  King,  of 
Glasgow,  now  made  by  Mr.  John  Tatham,  of  Rochdale. 
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The  principle  on  which  it  works  is  that  a  hirge  hopj^er  is 
filled  with  wool ;  at  fixed  intervals  a  drum  with  beaters 
attached  to  it  revolves  rapidly  against  an  opening  near 
the  top  of  the  hopper  on  the  side  next  the  card.  These 
beaters  knock  down  a  given  quantity  of  wool  into  a  tin 
scale  or  trough,  which  reaches  across  the  card  feed 
apron.  When  a  fixed  weight  has  fallen  into  the  scale, 
the  beater  automatically  stops  ;  the  tray  is,  by  a  contri-; 
vance  of  wheels,  tilted  up  so  as  to  drop  the  wool  down  on 
to  the  apron  ;  and  in  a  short  time  the  tray  rights  itself, 
and  the  beating  drum  re-commences.  This  has  two 
drawbacks  ;  one,  that  the  wool  may  not  always  fall  into 
ust  the  same  space  on  the  apron  as  it  should  do,  and 
the  other,  that  if  the  wool  be  lumpy  in  the  hopper,  if,  for 
instance,  there  is  a  lump  of  waste  roving  or  card  waste  in 
it,  this  piece  may  be  beaten  out  all  together  into  the 
scale,  thus  making  up  the  required  weight,  but  really 
falling  all  on  one  place  on  the  feed  apron.  These  faults 
are  not  very  serious,  but  they  are  enough  to  make 
another  machine  bear  away  the  palm  for  all  except 
blends  which  have  hardly  any  wool  in  them,  and  are 
chiefly  shoddy,  etc. 

157.  Bram well's  Weighing  and  Feeding  Machine. 
—  The  Bramwell  automatic  weighing  and  feeding 
machine,  shown  in  Fig.  53,  is  an  American  invention, 
and  is  described  by  its  inventor  somewhat  as  follows  : 
The  wool  is  put  into  a  large  box,  a,  having  a  gi-ating 
at  the  bottom  for  the  exit  of  refuse,  and  an  apron,  c, 
covered  with  shai'p  spikes  revolving  vertically,  but  with 
the  upward  motion  in  the  box,  A.  The  sharp  spikes  lio 
nearly  along  the  plane  of  the  apron,  but  project  enough 
into  the  wool  to  carry  a  considerable  quantity  up  with 
it.  Near  the  top  it  is  brought  into  contjict  with  a  slowly 
oscillating  comb,  a',  which  has  a  slow  but  long  sweep 
down  the  apron.  The  teeth  of  this  comb  carry  off  the 
surplus  wool  from  the  apron,  dropping  it  back  among  the 
rest  in  the  box,  and  what  is  left  is  evenly  distributed 
over  the  apron.     This  is  carried  over  the  top  roller  and 
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there  meets  another  apron,  b,  which  revolves  more 
rapidly  and  sweeps  off  the  wool  under  its  bottom  roller 
into  the  scale  or  trough,  E.  This  scale  is  formed  of  two 
curved  wings  held  together  by  weights,  and  the  whole 
suspended  on  steel  knife  edges,  and  balanced  with  weights 
which  can  be  fixed  to  weigh  any  weight  required.  When 
the  scale  has  received  its  proper  amount,  it  liberates  a 
small  trigger  which  causes  a  projection  to  catch  on  one 
of  the  small  teeth  of  a  revolving  disc  connected  with  a 
novel  automatic  clutch,  which  disengages  the  driving 
belt  (not  here  shown),  working  the  toothed  apron,  then 
instantly  stopping  further  delivery  of  wool  to  the  scale. 
The  wings  of  the  scale  open  in  a  definite  time,  and  the 
wool  drops  on  to  the  feed  apron  well  opened  out  by  the 
combing  it  has  had  on  the  first  spiked  vertical  apron. 
The  scale  then  closes  and  the  process  begins  again.  But 
in  the  mean  time  the  partition,  h,  which,  when  the  wool 
fell  was  back  against  the  frame  of  the  box,  moves  for- 
wards, pushing  the  wool  along  the  feed  apron  to  the 
position  in  which  it  is  here  shown,  and  then  it  moves 
back  for  another  supply,  and  the  wool  passes  on  to  the 
feed  rollers,  K.  This  gives  a  perfect  supply  of  well 
opened  wool,  and  is  free  from  the  defects  of  Evan  & 
King's  feeder,  for  it  feeds  regularly  a  given  quantity 
into  a  given  space  in  a  given  time.  Owing  to  this 
great  regularity  and  to  the  well  opened  state  of  the  wool, 
the  cards  are  said  to  do  from  20  to  30  per  cent,  more 
work  than  under  the  old  system  of  hand  feeding.  That 
it  deserves  the  praise  given  to  it  we  know  from  observa- 
tion. Whether  it  will  do  for  blends  made  almost 
entirely  of  shoddy,  etc.,  is  not  quite  certain,  as  the 
fibres  would  be  so  short  that  the  comb,  a^,  might  knock 
too  many  of  them  off  the  apron,  c,  and  thus  the  supply  of 
wool  to  the  feed  rollers  might  not  be  regiilar.  For  all 
longer  wool,  and  for  cards  in  the  worsted  trade,  it  is  un- 
doubtedly a  great  improvement 

168.  The  Scribbler. — We  now  come  to  the  scribbler, 
and  to  give   an  accurate  idea  of  its  form  we  give  two 
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illustrations,  the  first  a  sectional  side  view  (Fig.  .54),  with- 
out wheels  or  belts,  to  show  the  position  of  the  rollers 
relatively  to  each  other.  It  represents  a  card  made  by 
Houghton,  Knowles  &  Co.,  of  Gomersal,  near  Leeds,  con- 
sisting of  breast  and  two  swifts,  with  three  workers  and 
strippers  on  each  swift.  Its  feeding  apron  is  shown  at  the 
left-hand  side,  the  portion  marked  Blamire's  Feed  being 
the  finishing  end  of  the  card.  The  other  illustration  (Fig. 
55)  shows  a  similar  card  in  perspective  from  the  other 
side,  made  by  John  Haigh  &  Sons,  of  Huddersfield.  Its 
feeding  apron  is  shown  at  the  right-hand  side  ;  thus  the 
two  plates  show  different  sides  of  a  card.  Each  machine 
is  lettered  the  same.  n  is  the  feed  apron,  at  the  end  of 
which  are  three  small  rollers  to  receive  the  wool.  B  is 
the  licker-in,  and  A  the  angle  stripper  between  the 
licker-in  and  the  doffer.  The  other  two  rollers  farther 
on,  marked  A,  are  angle  workers  between  the  doflfers 
and  the  following  swifts.  The  rollers  marked  s  are 
strippers,  w  are  workers,  P  fancies,  and  D  doffers.  It 
may  be  noticed  that  in  Fig.  54  the  ends  of  the  workers 
are  large,  while  in  Fig.  55  it  is  the  ends  of  the  strippers 
which  are  so.  This  is  because  in  the  former  we  see 
the  wheels  by  which  the  workers  are  driven,  and  in  the 
latter  those  by  which  the  strippers  are  driven.  The 
driving  apparatus  is  seen  in  the  latter.  The  main 
driving  belt  is  on  the  other  side,  and  turns  the  first  swift, 
which  drives  the  breast  on  that  side  also.  The  first  swift 
turns  the  second  ;  the  breast  and  each  swift  turns  its 
own  doffer  by  a  belt  and  two-toothed  wheels,  the  smaller 
and  lower  one  being  the  change  wheel  which  regulates 
the  speed  of  the  doffer.  The  workers  are  driven  on  the 
other  side  by  a  chain  that  works  on  star  wheels — 
that  is,  wheels  with  spokes  standing  out  to  catch  the 
chain,  from  the  doffer  ends,  and  the  strippers  are  driven 
by  a  long  belt  that  winds  in  and  out  on  the  side  here 
shown.  Some  cards  have  three  swifts,  with  other  rollers 
to  match,  and  some  have  even  four.  In  both  cases  the 
driving  is  the  same. 
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159.  Functions  of  the  Various  Rollers. — The  follow- 
ing diagrams  (Figs.  56,  57)  show  so  well  the  action  of 
the  various  rollers  in  opening  the  wool,  and  the  passage 
of  the  wool  through  the  cards,  that  they  are  worth  repro- 
ducing from  the  Textile  Manufacturer,  along  with  the 
description.  The  process  is  well  known,  and  has  been 
often  described  by  other  writers ;  but  any  book  on  the 


Fig.  56. 

subject  would  be  incomplete  were  it  omitted,  and  it  is 
here  very  clearly  given  : — 

*'  The  wool,  weighed  out  and  spread  evenly  on  to  the 
lattice  feed  board,  passes  between  Nos.  1  and  2  feed 
rollers,  where  it  is  met  by  the  licker-in,  b,  which, 
wholly  stripping  No.  1,  commences  the  carding  process 
in  conjunction  with  No.  2,  taking  a  part  from,  and 
leaving  a  part  on  it,  which  latter  part  is  taken  off  and 
delivered  to  the  licker-in  by  No.  3  feed  roller.  A,  the 
angle  stripper,  by  its  quicker  speed,  clears  the  licker-in 
of  the  wool,  to  give  it  up  immediately  to  the  cylinder, 
which  is  rushing  past  at  a  speed  of  from  50  to  70  revolu- 
tions per  minute,  or  a  surface  velocity  of  about  800  feet 
per  minute.  With  the  impetus  derived  from  its  speed, 
the  cylinder  carries  forward  the  wool  into  the  slowly 
retreating  teeth  of  the  first  worker,  which  is  revolving 
about  six  times  per  minute.     Hero  we  have  the  first  real 
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combing  process,  the  quicker  speed  of  the  passing 
cylinder  causing  the  different  cards  to  work  point 
against  point.  By  this  combing,  worker  No.  1  gets 
its  share  of  the  wool,  which  is  brought  round  and 
given  up  to  stripper  No.  1,  to  be  in  its  turn  relieved 
by  the  active  cylinder.  The  second  worker  and  stripper 
now  repeat  the  task  first  performed  by  their  com- 
panions, and  the  cylinder,  regaining  possession  of  the 
wool,  carries  it  a  little  farther  to  the  next  roller, 
which  is  the  fancy." 

fancy  is  not  to  work  the  wool, 
it  up  out  of  the  wires  of  the 
has  been  forced  by  the  velocity 
the  strippers.  For  this  purpose 
the  wires  of  the  fancy  are  set  a  little  way  into  those  of  the 
swift,  and  as  its  surface  velocity  is  greater  than  that  of 
the  swift,  it  brushes  up  the  wool  a  little  to  make  it  ready 
for  the  dofFer.  The  doffer  revolves  slowly  the  reverse 
way  of  the  swift,  and  as  the  latter  quickly  passes,  it 
deposits  its  wool  on  the  doffer,  which  carries  it  round 
till  in  its  turn  it  is  relieved  by  the  next  angle  strijjper 
,.,  a',    whicli    strips    the 

doffer  and  passes  the 
wool  on  to  the  next 
swift.  Fig.  56  shows 
the  breast  and  its 
workers,  etc.,  but  the 
2)rinciple  is  the  same 
as  when  we  came  to 
the  swifts  proper.  In 
Fig.  67  a  portion  of  a 
swift  is  shown  with 
one  worker,  stripper, 
and  the  fancy  and 
dofFer  belonging  to 
it,  and  will  make  perfectly  clear  the  action  of  the 
various  parts,  and  the  way  the  wires  are  set.  The 
swift   bears  the   wool  to  the   worker  which  carries  it 
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round  away  from  the  former  till  the  stripper  removes 
it  and  gives  it  back  to  the  swift  again.  In  each 
of  these  three  changes  the  fibre  is  combed  out,  first 
by  the  worker  as  the  swift  goes  by ;  secondly,  by  the 
stripper  as  it  takes  the  wool  from  the  worker ;  and, 
thirdly,  by  the  swift  as  it  in  turn  strips  the  stripper. 
The  fibre  is  then  probably  so  well  straightened  that  it 
lies  flat  on  the  swift  till  the  fancy  raises  it,  and  the  doffer 
finally  removes  it  altogether. 

160.  Relative  Action  of  the  Card  Wires. — It  will  be 
clear  that  the  success  of  all  these  operations  must  depend 
on  the  way  in  which  the  wires  are  set  in  the  cards,  and 
the  way  in  which  they  point  and  work  on  each  other. 
Owing  to  the  form  of  the 
card  teeth,  which  are    made  of  VX^v^V\\\\\^ 

wire    with    a    bend    about  half  ))//)//////// 

way  down  them,  as  in  Fig.    58,     ^    IIJ II 1 1 U I II L 


there    is     in    every     card    what  Fig.  58. 

is    called    the    point    side    and 

the  smooth  side,  the  former  being  the  side  towards 
which  the  wires  point.  If  the  card  roller  revolves 
with  the  points  first,  it  presents,  of  course,  the  sharp 
points  of  countless  wires,  which  catch  at  whatever  they 
pass.  If  it  revolves  with  the  bend  or  smooth  side  first,  it 
presents  no  catching  surface,  but  acts  like  a  brush.  There 
are  three  ways  in  which  the  cards  work  on  each  other  : — 
Firstly,  point  can  meet  or  rather  overtake  and  pass 
point ;  secondly,  point  can  pass  smooth  side ;  and  thirdly, 
smooth  side  can  pass  smooth  side.  The  result  to  the 
wool  depends  on  which  of  these  three  is  done.  We  will 
take  each  roller  and  see  its  efiect  in  working.  The  swift 
levolves  rapidly,  point  first,  carrying  the  wool  forwards. 
Its  points  meet  or  overtake  and  pass  the  points  of  the 
worker,  and  the  wool  is  combed  between  them,  being  left 
on  the  worker.  This  is  called  working  point  against 
point.  The  stripper,  which  goes  quicker  than  the  worker, 
is  said  to  be  woi-king  point  against  smooth  side,  for  it 
revolves  with  its  points  first  against  the  smooth  side  of 
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the  worker,  and  in  doing  so  it  combs  all  the  wool  off  the 
latter.  The  swift  again  operates  in  the  same  way  on  the 
stripper — namely,  works  point  against  smooth  side,  and 
also  combs  the  wool  off  the  stripper.  Arrived  at  the 
fancy,  we  find  it  working  with  its  smooth  side  to  that 
of  the  swift,  because  it  revolves  faster  than  the 
swift,  and  therefore  it  does  no  combing,  but  merely 
brushes  the  wool  up  from  the  wires  of  the  swift.  A 
comparison  here  between  the  worker  and  swift  on  the 
one  hand,  and  the  fancy  and  swift  on  the  other,  shows 
the  curious  fact  that  though  their  effects  are  entirely 
different,  they  appear  quite  correctly  in  Figs.  56  and  57 
to  be  in  similar  positions  to  each  other.  It  is  there- 
fore simply  owing  to  their  relative  speeds  that  the 
difference  is  made.  Because  the  worker  goes  slower 
than  the  swift,  the  latter  in  effect  runs  point  to  point 
with  it ;  and  because  the  fancy  goes  faster  than  the 
swift,  they  run  smooth  side  to  smooth  side,  and  the 
fancy  acts  only  as  a  brush.  If  the  relative  speeds  of 
the  worker  and  fancy  were  changed,  the  worker  would 
become  a  fancy  and  the  fancy  a  worker.  Coming  at 
last  to  the  swift  and  doffer,  we  see  they  work  point 
to  point  just  like  the  swift  and  worker,  and  hence 
the  doffer  receives  all  the  wool.  All  this  is  rendered 
possible  by  the  swift  revolving  in  one  direction,  and 
the  other  rollers  in  the  reverse  ;  and  therefore,  when- 
ever any  roller  and  the  swift  are  working  together  they 
run  in  the  same  way  as  a  pair  of  press  rollers,  drawing 
the  wool  between  them  and  sending  it  in  the  direction 
of  from  the  beginning  to  the  end  of  the  card. 

161.  Setting  the  Rollers, — The  foregoing  descriptions 
should  make  clear  the  principle  of  carding ;  and  it  re- 
mains now  to  be  stated  how  the  various  rollers  should 
be  placed  or  "  set "  relatively  to  each  other.  The  old 
method  of  setting  was  to  judge  by  the  eye  whether  the 
rollers  were  near  enough  to  each  other,  but,  considering 
the  delicacy  of  the  oj^eration,  and  the  disastrous  results 
to  the  work  if  the  setting  be  either  too  near  or  too  far 
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apart,  it  is  better  to  use  a  gauge.  Tliese  are  made  of 
thin  flat  pieces  of  steel,  an  inch  wide  and  about  eight 
inches  long,  varying  in  thickness  from  No.  24's  to  No.  32's 
cardmakers'  wire-gauge  counts,  in  mills  where  fine  wool  is 
used.  For  coarse  wools  thicker  gauges  are  needed.  On 
the  breast  the  workers,  strippers,  and  doffers  are  set 
farthest  off,  on  the  first  swift  they  are  set  nearer,  and 
so  on,  growing  nearer  and  nearer  as  the  carding  advances, 
and  the  wool  is  better  worked.  The  following  recom- 
mendations may  be  taken  as  an  example  of  the  ratio  of 
distance  which  the  rollers  bear  to  each  other  : — 

"  Set  the  licker-in,  b,  a  quarter  of  an  inch  from  the 
cylinder ;  the  bottom  No.  1  feed  roller  so  that  a  No.  24 
gauge  will  pass  between  it  and  the  licker-in ;  feed  roller 
No.  2  is  set  the  same  distance  from  the  licker-in,  and 
slightly  resting  on  the  feed  roller  No.  1  ;  feed  roller 
No.  3  set  so  that  the  same  gauge  will  pass  between  it 
and  No.  2,  and  between  it  and  the  licker-in.  The  angle 
stripper,  a,  must  be  set  so  that  a  No.  26  gauge  passes 
between  it  and  the  cylinder,  and  so  near  the  licker-in  as 
to  clear  the  wool  from  it.  The  strippers  and  workers 
should  be  set  so  that  No.  26  gauge  will  pass  between 
them  and  the  cylinder,  the  strippers  to  the  workers  till 
you  hear  a  slight  '  whizz '  caused  by  the  abrasion.  The 
'  fancy '  must  be  set  to  dip  slightly  into  the  cylinder,  and 
will  thus  keep  a  working  point  on  the  latter.  The  dofFer 
to  be  set  to  the  cylinder  with  a  No.  26  gauge,  very  close 
fit.  This  system  of  setting  continues  throughout  all  the 
remaining  parts  of  the  machine,  increasing  in  nearness  at 
each  succeeding  cylinder.  For  example,  No.  1  or  first 
cylinder  after  breast  part  may  be  gauged  with  a  No.  28, 
and  No.  2  with  a  No.  30  ;  the  first  cylinder  on  the  con- 
densing engine  which  comes  next  with  a  No.  32,  and  the 
last  cylinder  with  a  No.  33  gauge.  The  setting  given  is 
for  fine  and  short  wools  ;  for  long  and  strong  wools  the 
setting  must  not  be  quite  so  close  as  the  foregoing." 

It  will  thus  be  seen  that  nothing  actually  runs  in,  or 
even  touches,  the  swift,  except  the  fancy.    No  nile  can  bo 
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definitely  given  as  to  its  setting.  The  carder  must  judge 
by  ear  and  eye,  and  may  gradually  set  it  closer  as  it  be- 
comes more  worn.  The  belts  should  always  be  put  on 
the  cards  before  setting,  for  if  they  are  tight  and  put  on 
afterwards,  they  may  slightly  alter  the  distances  and  spoil 
the  setting.  As  the  doft'ers  take  the  wool  off  the  swift 
they  should  be  set  very  close,  but  must  not  run  into  it. 
Regarding  the  last  dofier  of  the  entire  set,  the  ring  dof- 
fer,  we  do  not  say  anything  here.  It  will  be  mentioned 
later  on.  In  the  condensing  card,  the  swifts  can  be  set 
rather  nearer  together  than  in  the  scribbler,  or  than  in 
the  intermediate  card  if  the  set  contain  three.  These 
remarks  apply  equally  to  worsted  cards. 

162.  Lickers-in  and  Breast. — A  few  words  may 
now  be  said  about  the  functions  and  special  points  of 
each  part  of  the  machine.  The  first  in  order  are  the 
small  and  often  neglected  feed  rollers  and  licker-in.  It 
is  exceedingly  necessary  that  these  should  be  true  and 
level,  and  set  straight  to  the  breast  or  swift.  If  they 
feed  unevenly,  the  delivery  at  the  other  end  cannot  be 
perfect.  As  they  are  small  in  diameter  they  should  all 
be  made  of  iron  or  steel,  wood  being  apt  to  warp.  Their 
teeth  must  be  very  strong  and  upiight,  for  they  have  to 
hold  the  wool  when  first  caught  by  the  breast  or  swift, 
and  thus  have  to  bear  a  great  strain.  They  are  generally 
covered  with  diamond  point  wire.  The  two  sorts  of  cloth- 
ing used  for  the  strong  rollers  before  the  breast  are  called 
diamond  point  and  needle  point.  The  latter,  as  the  name 
implies,  is  pointed  like  a  needle.  The  wire  is  round,  and 
as  it  is  cut  into  lengths  for  the  card  cloth  each  end  is 
sharpened  all  round  till  a  point  is  obtained,  which  is 
sloped  up  to  on  every  side  as  is  the  case  in  a  pin  or 
needle.  Diamond  point  is  sharpened  on  one  side  only  ; 
that  is,  the  end  is  ground  down  all  on  one  side,  so  that 
while  the  wire  is  quite  straight  up  to  the  very  point  on  the 
lower  side,  it  is  bevelled  off  on  the  upper  one  to  make 
the  wire  shai'p.  The  size  of  the  wire  must  depend  on 
what  is  to  be  carded,  but  22's  is  common  for  the  feed. 
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rollers,  and  finer  counts  for  the  others.  The  breast,  when 
one  is  used,  must  also  be  covered  with  strong  wire,  between 
that  of  the  licker-in  and  the  first  swift  in  thickness. 

163.  The  Swift. — The  main  swift  is,  for  some  reasons, 
the  most  important  part  of  the  machine,  as  it  certainly 
is  the  most  expensive  to  cover  and  keep  in  order.  It  is 
almost  always  covered  with  sheets,  and  care  must  be 
taken  that  these  are  tight.  From  its  great  size,  its  super- 
ficial velocity  is  great,  and  therefore  by  centrifugal  force 
its  clothing  has  a  tendency  to  become  loose  and  baggy  in 
the  middle.  When  this  happens,  the  sheets  should  be 
taken  oflf  at  once  and  re-nailed,  the  swift  itself  being 
examined  to  see  if  it  is  still  true.  It  is  clear  that  as 
any  part  of  a  sheet  which  is  loose  must  project  out  be- 
yond that  which  is  tight,  the  wires  will  be  ground  off  by 
the  rollers  which  it  will  rub  against,  and  when  it  is 
again  made  tight,  there  will  be  a  hollow  in  the  same 
place  owing  to  the  wires  being  rubbed  short.  The  swift 
does  not  do  the  main  part  of  the  carding ;  that  is  done 
by  the  workers  and  strippers.  It  really  carries  the  wool 
forward  to  the  workers  and  from  the  strippers.  Hence, 
there  is  no  advantage  in  running  the  swift  too  fast.  It 
does  not  regulate  the  amount  of  work  turned  off,  though 
it  may  help  to  regulate  the  carding  the  wool  receives. 
But  if  it  runs  very  fast,  the  fancy  must  run  faster,  too, 
and  the  result  is  an  immense  increase  in  waste,  which 
flies  all  over  the  machines.  To  take  the  revolutions  per 
minute  of  the  swift,  without  considering  its  circum- 
ference, is,  of  course,  absurd,  though  it  is  often  done  ;  it  is 
the  superficial  velocity  which  is  the  real  speed,  and  1,000 
feet  per  minute  is  quite  enough  for  medium  or  even  long 
wool,  while  for  short  wool  and  shoddy  three-quarters  of 
that  is  the  outside  that  is  needed. 

164.  The  Fancy. — The  fancy,  as  already  stated,  is 
merely  used  to  brush  the  wool  up  from  the  wires  of  the 
swift  to  enable  the  dofier  to  take  it.  To  do  so  it  must 
have  a  greater  surface  velocity  than  the  swift,  but  it  is 
not  necessary  that  the  difierence  should  be  very  great  j 
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more  often  than  not,  tlie  speed  of  the  fancy  is  unnecess- 
arily high,  and  much  waste  is  caused.  It  is  this  waste 
from  "fly"  that  makes  carding  so  costly  in  the  combed 
wool  trade.  In  preparing  there  is  practically  no  fly — 
mei-ely  dust  falls  out  ;  but  in  carding  before  combing,  or 
in  carding  by  itself,  the  amount  lost,  or  reduced  to  mere 
card  waste,  is  very  gi-eat,  and  the  resultant  cost  of  the 
"  top  "  is  increased.  Too  great  care  cannot  be  taken  of 
the  teeth  of  the  fancy  ;  they  are  long  and  elastic,  having 
to  serve  the  purpose  of  a  brush.  When  once  they  are 
ground,  they  should  remain  sharp,  and  can  be  set  closer 
into  the  swift  as  they  wear  down.  The  clothing  must, 
however,  be  renewed  long  before  they  are  actually  worn 
down  to  any  thing  like  the  level  of  the  wires  on  other 
rollers,  for  when  they  are  enough  worn  to  prevent  them 
from  being  elastic,  they  either  press  too  heavily  on  the 
teeth  of  the  swift,  wearing  them  out,  or  they  do  not  raise 
the  wool  up  enough  for  the  doffer,  and  then  the  wool  goes 
round  and  round.  There  are  various  sorts  of  fancy 
clothing  now  made,  the  object  of  which  is  to  reach  lower 
down  into  the  swift  with  a  few  teeth  than  can  be  done 
with  them  all.  A  few  wires  are  therefore  inserted  at 
intervals,  projecting  beyond  the  others,  and  the  fancy  is 
set  so  that  they  go  very  nearly  to  the  bottom  of  the 
swift  wires.  Two  of  the  leading  sox-ts  may  be  mentioned. 
One  is  to  have  perfectly  straight  pins  at  regular  distances 
standing  out  about  a  quarter  of  an  inch  beyond  the  rest 
of  the  clothing,  and  fixed  in  the  usual  way  in  the  same 
piece  of  leather  or  vulcanite  as  all  the  other  wires.  The 
other  method  is  to  have  two  strips  of  filleting,  one  the 
usual  width,  say,  1^  inch,  with  the  ordinary  wires  in  it, 
and  the  other  a  very  narrow  strip  with  one  or  two  rows 
of  teeth  across  which  stand  farther  out.  These  are 
wound  round  side  by  side  so  that  every  alternate  row 
projects  ;  and  as  th(;y  are  necessarily  very  slightly  spiral  in 
the  winding  on,  the  whole  surface  of  the  swift  is  covered 
as  the  fancy  revolves.  The  two  merits  claimed  for  these 
are,  firstly,  that  all  the  wool  is  raised  from  the  swift  at 
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each  revolution  and  therefore  all  is  received  by  the  doflfer, 
and  none  goes  round  the  second  time ;  and  secondly,  that 
in  consequence  of  this  the  swift  never  needs  cleaning  or 
stripping,  because  there  can  never  be  any  waste  left  in. 
These  claims  are  well  substantiated,  and  the  fancies  de- 
serve much  praise,  for  it  is  a  great  saving,  both  of  time, 
wool,  and  card  clothing,  not  to  be  obliged  to  strip  the 
swifts.  Many  swifts  are  spoilt  with  bad  stripping,  the 
comb  being  pulled  slanting  towards  the  side  instead  of 
perfectly  straight  parallel  to  the  sides  of  the  roller  and 
at  right  angles  to  the  shaft.  If  they  have  a  drawback, 
it  is  that  they  have  a  tendency  to  make  more  fly  waste, 
and  this  must  be  guarded  against  by  not  running  too 
fast. 

165.  The  Doffer. — The  doffer  is  second  to  nothing  in 
importance.  On  it  depends  the  amount  of  work  turned 
out,  or,  in  other  words,  the  speed  at  which  the  wool 
travels  through  the  card.  The  larger  the  doffer,  or  the 
greater  its  surface  velocity,  the  quicker  the  wool  passes. 
Of  course  it  is  the  feed-rollers  which  determine  the  actual 
quantity  put  into,  and  therefore  taken  out  of,  the  card. 
In  the  first  place,  the  doffer  should  be  as  large  as  possi- 
ble in  relation  to  the  swift.  To  increase  the  swift  at 
the  same  time  as  increasing  the  doffer  is,  of  course,  no  use, 
though  it  is  sometimes  done.  But  the  object  of  a  large 
doffer  is  to  have  as  much  of  its  surface  in  contact  with 
the  surface  of  the  swift  as  possible,  so  that  there  may  be 
more  combing  in  the  process  of  transferring  the  wool 
from  the  latter  to  the  former.  If  it  were  merely  a 
question  of  speed  in  delivering,  a  20-inch  doffer  run 
twice  as  fast  as  a  40-inch  one  would  do  as  well ;  but  the 
doffer  should  be  run  very  slow,  and  increase  in  size  must 
make  up  for  it.  In  the  next  place,  the  points  of  the 
doffer's  wires  must  always  be  kept  veiy  sharp  and  smooth. 
They  are  very  liable  to  wear  by  the  action  of  the  swift 
because,  as  will  be  seen  from  Fig.  56,  representing  the 
position  of  the  rollers,  the  swift  and  doffer  run  point 
against  point,  and  the  greater  speed  of  the  former  wears 
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away  the  latter.  In  order  to  keep  them  sharp,  a  little 
roller  is  often  run  on  the  top  of  the  dofFers  ;  sometimes 
it  is  a  small  slow-going  emery  roller,  sometimes  a  sort  of 
short-wired  fancy  which  brushes  its  wires  and  preserves 
the  points.  In  any  case,  the  points  of  the  doffer's  wires 
should  be  sharper  than  those  of  the  swift,  because  the 
former  has  to  receive  the  wool  and  the  latter  to  part  with 
it.  The  dofFer  after  the  breast  and  first  swift  may  be 
clothed  either  with  sheets  or  filleting,  but  the  last  dofier 
should  have  filleting  to  let  the  sliver  come  off  with  per- 
fect regularity,  and  without  the  breaks  in  it  which,  as  we 
shall  see,  sheets  mnst  always  cause.  Many  carders,  how- 
ever, cover  the  last  doffer  of  the  scribbler  with  sheets ; 
but  in  a  worsted  card  this  is  never  done. 

166.  The  Workers  and  Strippers.— The  workers  are 
the  main  carders  and  must  therefore  be  kept  sharp  and 
smooth ;  they  should  be  as  large  as  possible,  and  there 
should  be  as  many  of  them  on  each  swift  as  there  is 
room  for, — four  is  a  common  number.  The  larger  their 
circumference,  the  more  points  will  there  be  in  contact 
between  them  and  the  swift,  and  therefore  the  more 
combing  of  the  wool.  They  are  often  driven  by  chains 
off  star  wheels  on  the  doffers,  but  this  necessarily  gives 
them  an  intermittent  jerky  motion  which  is  not  good. 
It  cannot,  perhaps,  be  said  to  do  any  harm,  but  the 
regular  motion  of  a  belt  is  always  better,  provided  that 
the  belt  does  not  slip  on  account  of  its  slow  speed. 
Nothing  need  be  said  regarding  the  strippers.  Their 
function  is  simple — to  carry  the  wool  from  the  worker 
back  to  the  swift,  and  they  must  be  set  suflaciently  near 
each  other  to  do  this  properly.  All  the  rollers  of  the 
card  need  cleaning  from  time  to  time,  according  to  the 
soi-t  of  wool  being  carded.  On  an  average  twice  a  week 
is  enough,  but  if  the  wool  is  dirty,  oftener  may  be 
needed,  though  the  remedy  for  that  is  to  see  that  the 
wool  is  properly  washed.  Two  instruments  may  be  used 
for  cleaning,  either  a  dofling  knife  with  about  18  teeth 
per  inch  for  a  medium  card,  or  a  hand  card,  which  is  a 
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piece  of  old  card  cloth  stretched  on  a  wooden  frame.  If 
the  wires  of  this  are  still  a  good  length,  this  is  the  safer 
instrument  to  use.  The  chief  point  to  be  attended  to  is 
that  the  comb  or  hand  card  is  drawn  straight  over  the 
wires,  so  that  they  are  not  bent  in  a  slanting  direction. 

167.  Grinding.  —  More  important  even  than  the 
cleaning  of  the  cards  is  their  grinding.  When  any 
roller  is  newly  covered,  the  ends  of  the  wires  (except  for 


rig.  59. 

needle  and  diamond  point)  are  square  and  rough,  just  as 
they  have  come  oflF  the  card-making  machine.  They  must 
be  ground  to  a  point  before  they  can  be  used.  The  grind- 
ing frame  (Fig.  59)  consists  of  a  stand  with  a  roller  of 
8  to  12  inches  diameter  or  even  more,  running  in  it  at  a 
great  speed.  The  roller  is  covered  with  emery  powder 
glued  on,  and  is  made  with  great  care  to  ensure  that 
,  there  are  no  lumps  projecting  beyond  the  rest  which  could 
over-grind  and  damage  the  card  rollers.  Generally  these 
rollei"S  are  sent  to  the  makers  to  re-cover  as  they  are 
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worn  out,  because  of  the  care  needed  to  make  them 
pei'fect.  The  rollers  of  the  card,  fancy,  workers,  and 
strippers  are  brought  to  the  grinding  frame,  and  placed 
in  stands,  one  on  each  side  of  the  emery  roller,  and  the 
three  are  then  set  in  motion,  running  in  such  a  way  that 
the  emery  roller  grinds  against  the  smooth  side  of  the 
wires.  The  roller  traverses  about  2  inches,  to  prevent 
it  always  grinding  in  stripes  in  the  same  place.  For 
swifts  and  dofFers,  the  emeiy  roller  is  taken  to  the  card, 
and  the  grinding  takes  place  there.  A  great  deal  of 
harm  can  be  done  by  over-grinding.  The  fancy  only  needs 
it  once,  and  thereafter  keeps  itself  sharp.  Regarding 
the  other  rollers  there  is  much  dispute.  The  case  of  those 
who  argue  against  grinding  after  the  first  sharpening  of  the 
cards  may  thus  be  summed  up.  It  is  better  to  have  the 
card  points  smooth  than  sharp.  When  they  have  once 
been  ground  sharp,  and  set  properly,  they  work  them- 
selves smooth  with  needle  points.  As  the  swift  keeps 
the  fancy  smooth,  so  the  fancy  must  keep  the  swift,  and 
hence  the  latter  will  not  need  grinding.  The  dofFer  can 
be  kept  both  sharp  and  smooth  by  the  roller  which  runs 
on  it  as  above-mentioned,  and  will  be  hurt  by  grinding. 
The  workers  can  be  kept  sharp  by  letting  the  strippers 
rub  slightly  against  them  ;  and  though  the  strippers  may 
thus  lose  their  points,  it  does  not  matter,  as  they  will  be- 
come very  smooth  and  equally  useful.  Instead  of  grind- 
ing, a  piece  of  emery  cloth  stretched  on  a  wooden  frame 
is  held  by  the  carder  to  the  rollers  once  a  week  or  so  to 
throw  out  dust  and  dirt  from  among  the  teeth,  and  this 
also  gives  any  little  polish  tliat  may  be  needed  to  the 
points.  There  is  no  doubt  that  when  this  method  can 
be  carried  out  it  is  far  preferable  to  grinding,  and  there 
seems  no  reason  why,  with  good  wool,  it  should  not  be 
the  rule  instead  of  the  exception.  That  it  is  an  immense 
saving  both  of  time  and  card  wire  is  clear,  for  cards  are 
worn  away  much  more  by  grinding  tlian  by  natui-aJ  wear. 
Those  who  favour  grinding  (and  once  in  three  months  is 
not  an  unusual  time  for  the  operation)  contend  that  the 
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points  get  too  blunt,  even  though  they  may  be  smooth, 
and  that  they  hold  and  comb  the  wool  better  when  newly 
sharpened.  Both  will  agree,  however,  that  there  should 
be  as  little  grinding  as  possible,  and  that  if  the  process 
is  carried  on  too  long,  and  the  point  thus  made  too  thin 
and  fine,  it  curls  over  downwards,  and  forms  a  hook 
which  catches  the  wool,  and  the  roller  can  hardly  be 
made  right  again.  If  the  roller  is  covered  with  coarse 
emery,  the  wires  are  ground  at  the  sides  as  well  as  the 
back,  for  the  grains  run  between  the  points  of  the  wires, 
and  not  merely  over  them.  If  the  emery  be  too  fine, 
it  cannot  do  so,  and  merely  runs  over  the  top  or  back 
which  causes  the  wires  to  be  ground  into  something  like 
diamond  point  rather  than  needle  point,  which  latter  is 
the  thing  desired.  Some  grinders  hold  it  to  be  a  good 
thing  in  the  first  grinding  to  run  the  emery  roller  the 
reverse  way,  i.e.,  to  grind  against  the  points  of  the  teeth 
in  order  to  make  sure  that  they  are  all  reduced  to  one 
level  before  beginning  to  giind  the  point  on  the  right 
way.  It  certainly  is  necessary  to  have  all  the  wires  on 
one  level,  but  the  perfection  of  card-making  almost  en- 
sures this  now,  and  the  risk  of  face  grinding  is  great. 
Where  the  card  is  uneven  it  can,  however,  be  done  with 
advantage  if  done  very  gently. 

168.  Turning  and  Covering  Rollers. — Card  rollers 
are  now  often  made  of  iron,  which  possesses  the  great 
advantage  of  always  being  true  and  never  warping. 
They  are,  of  course,  much  heavier.  With  wooden 
rollers,  whenever  they  require  to  be  re-covered,  they  have 
to  be  turned  to  make  sure  that  they  are  level.  The 
process  of  turning  or  trueing  them  is  simple.  An  iron 
rod,  perfectly  level,  is  screwed  to  each  side  of  the  bend 
in  which  the  roller  runs,  at  an  equal  distance  all  the  way 
from  the  roller.  The  turner  then  fixes  his  knife  at  the 
right  length,  sets  the  card  roller  in  motion,  and  as  it 
revolves  against  his  knife  any  parts  which  are  unti-ue  are 
shaved  off.  The  card  sheets  or  fillet  can  now  be  nailed 
on.      Various    mechanical    contrivances    are   used   for 
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stretching  them  to  ensure  tightness  and  uniformity  of 
tension,  and  any  one  will  do  which  gives  this.  For 
filleting,  the  best  method  is  to  pass  the  fillet  over  and 
round  a  roller  to  give  it  a  good  deal  of  friction,  and  then 
to  wind  the  card  roller  slowly  till  the  fillet  is  wrapped 
round  it,  when  it  is  fastened  down  with  tacks. 

169.  Card  Clothing. — We  have  now  only  to  add  a 
few  words  regarding  the  card  clothing  itself.  It  consists 
of  wires  stuck  into  leather  or  cloth  of  some  kind,  which 
is  called  the  foundation.  Leather  is  undoubtedly  the 
strongest  and  firmest  foundation  for  swifts  and  doffers, 
but  has  three  drawbacks.  Being  very  firm,  all  the  strain 
is  borne  by  the  wire,  and  none  by  the  leather ;  the  holes 
in  the  leather  for  the  teeth  have  to  be  made  rather  larger 
than  the  wire,  and  thus  leave  the  wire  loose ;  and 
thirdly,  it  is  very  deat*.  It  is  not  spoilt  with  oil, 
however,  which  is  an  advantage  for  woollen  carding. 
For  worsted  carding  vulcanite  cloth  is  used,  which  is 
more  pliable  and  relieves  the  wires,  and  also  holds  the 
teeth  better,  the  holes  being  made  a  trifle  smaller  than 
the  wires.  It  is  made  of  cotton  and  linen  cloth  cemented 
with  vulcanite  india-rubber.  For  cotton  carding  this 
is  always  used,  and  the  only  reason  it  cannot  well  be 
employed  for  woollen  is  that  the  oil  spoils  it.  The 
small  quantity  of  oil  used  for  worsted  carding  seems 
to  have  no  effect  on  it,  nor  is  it  hurt  if  the  wool  is 
damp.  The  wires  are,  however,  injured  by  damp,  but  a 
patent  has  been  taken  out  for  tinning  the  wire  so  that 
it  cannot  nist,  and  this  is  found  to  be  a  very  great 
improvement.  During  the  last  few  years  iron  card  wire 
lias  nearly  gone  out  of  use,  and  steel  is  everywhere  pre- 
fei-red.  It  costs  more,  but  retains  its  point  better  and  is 
much  more  durable,  doing  better  work.  No  suggestion 
would  be  of  use  here  regarding  the  size  of  wire  and  the 
"  counts  "  and  "  crowns  "  used,  because  these  must  depend 
on  the  class  of  wool  carded.  It  is,  however,  a  perfectly 
safe  rule  to  prefer  finely-covered  cards  to  coarse  ones. 
No  harm  is  done  to  the  wool  by  tine  cards,  and  as  the 
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coarsest  wool  is  so  much  finer  than  the  finest  wire  it  is 
possible  to  use,  it  is  a  mistake  to  lose  carding  surface  by 
reducing  the  number  of  points  and  increasing  their  size. 
For  lickers-in,  opening  rollers,  breasts,  etc.,  the  wire  must, 
of  course,  be  strong.  Still  we  do  not  advocate  carding 
coarse  wool  on  a  Botany  card,  but  merely  point  out  that 
it  is  better  to  lean  to  fine  setting  rather  than  to  coarse. 
Wire  is  drawn  to  numbers  from  one  upwards,  according 
to  a  regularly  graduated  scale,  but  cards  are  not  ordered 
by  the  number  of  the  wire  but  by  counts  and  crowns. 
The  standard  width  of  a  card  sheet  in  England  is 
6  inches,  and  the  count  of  the  sheet  is  the  number  of 
wires  in  a  straight  line  across  it.  The  crown,  on  the 
other  hand,  is  the  number  of  wires  in  1  inch  along  it. 
But  every  wire  along  the  sheet  is  equal  to  two  points, 
because  the  wire  is  bent  to  form  three  sides  of  a  square, 
the  centre  part  being  at  the  back  of  the  sheet,  and  the 
two  sides  piercing  it,  and  standing  up  as  the  card  wires. 
These  always  run  lengthways  of  the  sheet,  so  that 
supposing  there  are  ten  per  inch  at  the  back  they  really 
give  twenty  points  on  the  face  of  the  card.  This  would 
be  lO's  crown.  If  there  were  100  wires  across  the 
5-inch  sheet,  this  would  be  lOO's  count.  The  count  and 
the  crown  usually  correspond  in  this  way,  and  are  written 
100  X  10,  120  X  12,  and  so  on,  unless  otherwise  oi-dered. 
Now  as  the  lO's  crown  represents  20  points  per  inch,  and 
the  lOO's  count  100  points  per  5  inches,  it  follows  that  thei'e 
are  20  points  of  wire  each  way,  or  400  per  square  inch. 
This  scale  is  used  for  all  card  clothing ;  and  even  in  the 
case  of  filleting,  it  is  reckoned  on  the  basis  of  5  inches  in 
width,  though  it  is  usually  li  or  1|^  inch  only.  All  card 
wires  are  bent  at  a  third  or  half  way  u]"),  to  give  them 
the  necessary  spring  and  elasticity.  This  is  called  the 
"bend"  or  "knee,"  and  it  depends  on  the  temper  of  the 
wire  how  efficient  the  cards  are.  When  by  grinding  or 
other  causes  the  wire  is  worn  down  to  near  the  bend,  the 
card  is  quite  done,  and  indeed  it  should  be  replaced  before 
it  has  got  to  that  state.     Veiy  short  and  worn  clothing 
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makes  more  card  waste,  and  within  a  brief  period  the  loss 
in  card  waste  and  bad  work  will  be  as  great  as  the  cost 
of  new  clothing.  The  wires  must  all  be  kept  well  up 
and  in  their  proper  places,  or  the  work  done  will  be  bad. 
Being  tender  and  easily  bent,  they  will  get  pressed  flat 
or  sideways  if  care  is  not  taken  in  the  stripping  and 
grinding.  In  woollen  carding,  in  order  to  preserve  the 
wires  and  make  them  rather  firmer,  the  cards  are  filled 
up  with  a  composition  of  flocks  and  oil  as  high  as  the 
bend  of  the  wires.  This  becomes  quite  firm  in  time  and 
helps  the  wires  to  resist  the  strain  of  the  wool.  It  also 
keeps  the  wires  oiled  and  therefore  free  from  rust.  In 
woollen  carding  the  wool,  shoddy,  etc.,  are  usually  carded 
damp  as  well  as  very  oily,  to  prevent  them  from  making 
too  much  fly.  This  damp  would  otherwise  rust  the  wires 
and  cause  them  to  break  at  the  bottom.  In  worsted 
carding,  the  wool  is  not  so  damp,  and  tinned  wires  are 
often  used.  Where  vulcanite  is  the  foundation  of  the 
cards  this  stu  fling  is  impossible,  as  the  oil  would  spoil  it. 
When  card-rollers  are  covered  with  filleting,  the  cover- 
ing is  continuous,  because  one  strip  is  wrapped  round 
and  round  the  roller.  But  when  they  are  covered  with 
sheets,  there  must  be  a  gap  of  about  a  third  of  an  inch 
between  the  wires  on  one  sheet  and  those  on  the  next,  to 
leave  room  for  the  edges  by  which  it  is  nailed.  We  shall 
see  later  on  one  drawback  of  this  in  the  last  swift. 

170.  To  find  the  Amount  of  Clothing  Required.— 
To  obtain  the  number  of  running  feet  of  filleting  needed 
to  cover  any  roller,  multiply  the  length  of  the  roller  by 
its  circumference,  and  divide  by  the  width  of  the  fillet. 
It  is  best  to  reduce  all  these  to  inches,  as  filleting  is 
1|,  IJ,  or  2  inches  wide.  To  find  the  number  of  square 
feet  on  a  swift  or  other  roller,  multiply  the  length  by  the 
circumference  and  divide  by  144  (the  square  inches  per 
foot)  and  the  answer  will  be  given.  To  find  the  number 
of  sheets  5  inches  wide  for  a  swift,  divide  the  circum- 
ference by  5J  or  5^,  i.e.,  allowing  for  the  space  for  nailing 
between  every  sheet. 
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CHAPTER  X. 

FEEDING,    CONDENSING,    AND    SPINNING. 

171.  Intermediate  Feeding  Machines. — In  the  last 
chapter  we  explained  the  principle  of  Bramwell's  and 
Evan  and  King's  card-feeders,  for  supplying  the  first  card 
or  scribbler  with  wool.  We  must  now  consider  the  best 
methods  for  supplying  the  second  card  and  condenser.  It 
must  be  remembered  that  woollen  carding  has  to  take 
the  place  of  preparing,  combing,  and  drawing  in  the 
worsted  trade,  and  therefore  it  is  not  only  necessary  to 
card  the  wool  properly  to  open  out  and  mix  the  fibres, 
but  also  to  reduce  them  to  level  rovings  for  spinning.  If 
the  wool  from  the  fii-st  scribbler  were  taken  by  hand 
and  fed  into  the  second  scribbler,  or  even  fed  by  Bram- 
well's feed,  no  levelling  could  be  done,  for  the  levelness 
gained  in  the  first  machine  would  all  be  lost.  It  is 
necessary,  therefore,  to  employ  some  other  machine 
which  will  feed  regularly,  preserve  the  level  end  from 
the  first  scribbler,  and  facilitate  as  many  doublings  as 
possible,  to  make  the  result  from  the  second  machine 
still  more  level. 

172.  Blamire's  Feed. — There  are  four  intermediate 
feeding  machines  commonly  used,  each  of  which  has  its  own 
merits.  The  oldest  is  the  Blamire  feed,  of  which  a  drawing 
is  given  (Eig.  60),  as  made  by  John  Tatham,  of  Rochdale, 
a  well-known  woollen  and  cotton  machine  maker.  The 
last  doffer  of  the  first  scribbler  is  shown.  The  wool  is 
taken  from  it  by  a  roller  which  combs  it  off",  and  passes 
it  on  to  an  endless  lattice,  marked  "upper  lattice."  This 
travels  forwards,  bearing  over  its  whole  surface  the  film 
of  carded  wool.  When  the  wool  arrives  at  the  end,  it  is 
passed  down  by  other  rollers  on  to  a  lower  lattice,  the 
same  length  as  the  width  of  the  upper  one,  which  travels 
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backwards  and  forwards  along  the  rail,  R  R,  and  by  this 
means  the  lap  is  evenly  spread  in  layers  all  over  it,  being 
folded  at  each  edge  as  the  lower  lattice  comes  to  either 
end  of  its  journey  and  begins  again.  But  while  the 
upper  lattice  travels  forwards,  the  lower  one,  relatively 
to  it,  travels  sideways  towards  the  lap-roller,  moving 
very  slowly,  but  continuously,  and  so  carrying  the 
accumulated  layers  of  carded  wool  to  be  automatically 
wound  on  io  the  lap  roller.  The  lap  may  be  made  any 
thickness,  according  to  the  speed  at  which  the  lower 
lattice  travels,  and  every  fold  makes  one  more  doubling 
to  level  the  wool.  When  the  lap  is  large  enough,  it  is 
taken  off  by  the  card  minder,  and  an  empty  roller  put 
on  to  be  filled.  Two  lap-rollers  are  placed  to  feed  the 
second  card,  as  shown  at  L  L,  and  it  is  usual  to  time  them 
so  that  one  is  full  when  the  other  is  half  empty,  so  that  two 
joints  never  come  together.  A  common  number  of  layers 
in  a  lap  is  30  or  40  for  heavj'  woollens,  so  that  by 
placing  two  of  these  to  feed  the  second  card,  from  60  to 
80  doublings  are  obtained.  This  is  the  best  feed  motion 
for  heavy  woollens  which  contain  much  short  wool  or 
shoddy,  etc.,  because  there  is  no  tension  on  the  material, 
and  it  has  not  to  support  its  own  weight  at  any  place. 
It  also  makes  a  good  solid  lap,  very  suitable  for  feeding  a 
card.  In  common  with  all  other  feed-motions  except 
one,  the  fibres  are  delivered  into  the  card  in  a  direction 
at  right  angles  to  that  in  which  they  came  out  of  the 
previous  one,  because  the  lower  lattice  travels  across  the 
upper  one.  For  long  wool  this  is  a  drawback  which  all 
share  in  common,  but  for  short  wool  it  is  of  no  conse- 
quence, as  the  fibres  are  lying  in  every  direction.  The 
chief  drawback  of  Blamire's  feed  is  the  amount  of 
room  it  requires;  for  besides  the  length  of  the  upper 
lattice,  the  lower  one  must  travel  out  a  distance  equal  to 
the  width  of  the  rollers  it  has  to  feed.  There  is  a  form 
of  this  machine,  however,  known  as  Fen-abee's,  which 
takes  less  room.  In  it  the  lower  lattice  does  not  travel 
on  the  rail,  R  R,  but  remains  close  to  the  doffer.     The 
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^'  upper  lattice  is  made  double,  like  a  pair  of  tongs,  with 
the  low  end  of  one  tong  fixed  at  the  dofhng-roller. 
The  wool  travels  up  one  leg,  so  to  speak,  and  down  the 
other,  and  this  latter  leg  moves  backwards  and  forwards 
over  the  lower  lattice,  spreading  the  wool  on  it.  By  this 
way  the  wool  has  farther  to  travel,  but  space  on  the 
whole  is  saved.  The  other  motion  is,  in  spite  of  this, 
preferred. 

173.  Balling  Head  and  Creel  Feed. — The  balling  head 
and  creel  motion  ranks  along  with  Blamire's  as  the  best, 
A  drawing  of  the  machine,  also  Tatham's  make,  is  here 
given  (Fig.  61),  which  shows  the  working  at  once.  The 
sliver  before  going  into  the  bailer  can  be  drawn  off  the 
doffer  in  two  ways.  If  it  is  combed  by  the  doffing-comb 
and  gathered  up  in  the  middle,  passing  through  a  revolving 
funnel  to  give  it  enough  twist  to  make  it  hang  together, 
then  the  fibres  retain  the  position  in  which  they  left  the 
doffer,  and  are  fed  from  the  balls  lengthways  into  the 
next  card.  For  longish  wools  this  is  the  best  way, 
because  it  helps  to  preserve  the  length  of  the  fibre,  but 
it  is  only  done  at  a  sacrifice  of  the  number  of  doublings. 
For  if  the  wool  is  taken  from  the  doffer  by  side  drawing, 
— i.e.,  taken  from  it  at  one  side  and  rolled  into  a  loose 
rope  as  it  is  drawn  across  the  face  of  the  doffer  to  the 
other  side,  then  by  the  mere  fact  of  its  passage  across  the 
face  of  the  doffer  it  receives  a  number  of  doublings.  Sup- 
posing certain  fibres.  A,  drawn  off  the  right-hand  side  of 
a  40-inch  doffer,  take  10  seconds  to  reach  the  rollers 
shown  at  the  left-hand  side  and  are  rolled  over  ten 
times  in  the  passage  across,  and  suppose  the  doffer 
revolves  three  times  a  minute,  or  half  its  circumference 
every  ]  0  seconds,  then  it  is  clear  that  when  the  fibres,  A, 
which  left  the  right-hand  side,  reach  the  left-hand  side, 
they  will  be  joined  by  fibres,  z,  which  were  exactly  at 
the  other  side  of  the  doffer,  when  fibres,  A,  were  taken 
off,  and  the  group  of  fibres  which  make  up  the  rope  with 
A  and  z  are  those  which  were  lying  on  the  dofi'er  in  a 
line  drawn  diagonally  half  round  it  from  a  to  z.     When 
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we  consider  the  number  of  revolutions  which  the  swift 
has  made  to  cover  half  the  surface  of  the  dofFer,  we  can 
see  that  the  side-drawing  method  secures  a  very  large 
amount  of  doubling,  which  is  lost  by  drawing  from  the 
centre ;  and  it  is  for  the  carder  to  decide  whether  he 
will  have  the  extra  doubling  with  increase  of  levelness, 
or  keep  his  fibres  lengthways.  For  all  very  short 
wool  there  can  be  no  doubt  the  former  is  best.  The 
figures  here  given  are  merely  chosen  for  clearness  of 
illustration. 

The  slivers,  however  drawn  off,  are  automatically 
wound  on  to  wooden  rollers  in  the  balling  machine,  and 
by  an  ingenious  motion,  when  the  ball  is  large  enough,  it 
is  thrown  out  and  another  bobbin  drops  down  to  take 
its  place.  These  balls,  or  cheeses,  as  they  are  generally 
called,  are  set  in  a  rack,  and  their  ends  fed  in  to  the  next 
card  as  shown,  and  are  wound  oflf  by  the  rollers  on  which 
they  rest.  There  are  64  cheeses  put  up  at  once,  and 
therefore  64  doublings  if  the  sliver  is  drawn  from  the 
centre.  If  from  the  side,  with  10  turns  in  the  passage, 
then  the  doublings  are  640,  which  is  a  startling 
difference,  and  a  greater  amount  of  doubling  is  obtained 
by  this  means  than  by  any  other  possible.  It  has  two 
weak  points :  it  is  not  continuous,  for  the  balls  have  to 
be  renewed  from  time  to  time ;  and  it  takes  nearly  a  day 
to  make  a  complete  set  of  full  balls.  Hence  the  second 
card  must  be  a  day  behind  the  first  in  its  work ;  the 
first  one  will  run  out  a  day  before  the  second,  and  all  the 
waste  made  during  that  day  cannot  be  used  again  in  the 
same  blend.  For  small  lots,  too,  which  fancy  manu- 
facturers have  in  great  abundance,  this  machine  cannot 
be  used  at  all,  as  one  lot  might  not  make  more  than  a 
quarter  of  the  number  of  balls  needed,  and  it  is 
important  to  Avork  up  aH  the  waste  at  the  time.  For 
large  lots,  and  for  an  intermediate  card,  it  is  the  best 
system.  It  should  not  be  used  for  a  condenser  card, 
because  as  the  slivers  are  put  endways  into  the  feed- 
rollers,  and  as  they  come  out  in  rovings  ofi"  the  condenser, 
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each  one  or  two  ends  would  go  straight  through  the  card, 
and  the  benefit  of  the  64  being  together  would  be  lost. 
For  a  condenser  there  is  probably  nothing  to  beat  the 
Blamire  laps. 

174.  The  Scotch  Feed.— The  Scotch  feed  (Fig.  62) 


Fig.  62. 

is,  however,  preferred  by  some.  The  doffer  is  not  shown, 
but  the  wool  is  laid  from  it  on  to  a  lattice  travelling 
across  the  width  of  the  card,  and  is  drawn  off  in  a  flat 
sliver  by  the  rollers,  A,  This  is  can-ied  up  to  the  rollers, 
B  c,  which  are  always  revolving,  and  down  again  to  D. 
The  rollers,  D,  travel  across  the  feed  lattice,  e,  and  deposit 
the  sliver  in  layers  on  it.      The  lattice,  e,  travels  at  such 
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a  speed  that  one  layer  of  sliver  just  overlaps  half  the 
layer  which  has  gone  before  it,  and  is  thus  made  two-fold. 
This  is  a  side-drawing  system,  and,  on  our  former  sup- 
position of  speeds,  would  have  the  same  number  of  doub- 
lings per  sliver  as  in  the  bailer,  but  only  two  slivers  go 
together  into  the  card  instead  of  sixty-four,  though,  being 
laid  sideways,  they  rej)resent  a  longer  time  in  drawing 
from  the  doffer.  In  this  motion  the  sliver  is  not 
twisted  at  all ;  it  is  a  ribbon,  not  a  rope.  Its  great 
advantage  is  that  it  is  continuous,  and  that  the  second 
card  can  be  started  a  few  minutes  after  the  first  one, 
and  all  the  waste  therefore  can  be  used  up.  For  heavy 
loose  material  it  is  not  very  suitable,  the  drag  on  the 
fibres  as  it  rises  to  the  rollers,  B  c,  being  too  great. 

175.  The  Apperley  Feed. — For  low  material  the  Ap- 
perley  feed  is  the  best  continuous  motion,  and,  indeed,  it  is 
very  largely  used  for  all  classes  of  work.  The  sliver  is 
drawn  ofi"  by  side-drawing,  and  twisted  in  the  process, 
like  the  side-drawing  of  the  balling  method.  It  then 
falls  down  naturally  in  coils  on  to  a  travelling  strap  near 
the  ground,  which  conveys  it  to  the  second  card.  There 
it  rises  up  and  is  taken  by  a  pair  of  rollers  and  laid 
diagonally  across  the  feed  lattice.  In  the  Scotch  feed 
the  wool  is  laid  on  the  lattice  nearly  straight,  being  only 
diagonal  to  the  extent  of  the  distance  which  the  lattice 
travels  as  the  rollers  go  across.  But  here  it  is  as  diagonal 
as  possible,  the  rollers  travelling  from  the  corner  of  the 
lattice  farthest  from  the  feed  rollers  to  the  diagonally 
opposite  corner  nearest  them.  This  is  in  effect  the  same 
as  feeding  by  the  ball  system,  only  that  instead  of  sixty- 
four  balls,  it  can  only  have  about  twenty  ropes  going  in  at 
once,  and  therefore  the  doublings  cannot  be  so  numerous. 
It  is  suitable  for  the  intermediate  card  rather  than  the 
condenser  for  the  same  reasons  which  apply  to  the  ball 
machine,  but  it  has  the  advantage  of  being  continuous, 
and  enabling  the  second  card  to  run  along  with  the  fii-st. 
Continuous  feeding  is,  however,  not  the  unmixed  benefit 
which  might  be  supposed.     With  this  system,  small  lota 
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can  be  best  worked,  and  when  both  cards  are  running  it 
is  very  good.  But  the  moment  one  machine  stops  for 
any  cause,  the  other  must  stop  too  ;  now  cards  have  to  be 
stripped  and  cleaned,  and  with  the  Blamire  and  balling 
systems  one  card  can  run  while  the  other  is  standing, 
and  therefore  in  them  a  great  saving  of  time  is  effected. 
This  is  such  an  important  matter  that  it  seems  to  turn  the 
scale  in  favour  of  these  methods  of  feeding,  and  therefore 
we  would  say  that  for  large  lots  and  the  intermediate  card 
the  bailer  is  best,  while  for  the  condenser,  and  for  small 
lots,  Blamire's  carries  off  the  palm. 

176.  Last  Swift  to  be  Covered  with  Filleting.— We 
may  here  draw  attention  to  a  point  which  is  overlooked 
by  nearly  all  carders,  but  which  is  of  some  impoi'tance 
considering  the  necessity  for  having  the  roving,  which 
comes  off  the  condenser,  perfectly  uniform  and  free  from 
weak  places.  It  is  usual  to  cover  the  doffer  of  the 
scribbler  and  of  the  intermediate  card  with  sheets  which, 
as  we  have  noted,  involves  leaving  spaces  of  say  one- 
third  of  an  inch  between  each  sheet.  If  these  doffers 
feed  on  to  a  Blamire  lap,  it  will  be  seen  that  when  the 
film  of  wool  is  on  the  top  lattice,  it  represents  exactly  the 
surface  of  the  doffer;  i.e.,  at  every  five  inches  of  film 
there  is  a  thin  place,  or  a  break  altogether.  As  these  are 
laid  layer  on  layer  and  then  fed  in  the  transverse  way,  it 
does  not  matter  much,  though  it  seems  as  if  it  would  be 
better  to  cover  the  last  doffers  always  with  filleting  as  is 
done  in  worsted  cards.  But  when  we  come  to  the  con- 
denser it  is  more  important.  The  ring  doffer  is,  of  course, 
always  covered  with  continuous  rings  without  any  break, 
but  the  swift  which  supplies  the  doffer — and  this  is  the 
point  requiring  attention — is  nearly  always,  like  all  other 
swifts,  covered  with  sheets.  Now  we  have  seen  by 
looking  at  the  Blamire  upper  lattice  that  wherever  the 
space  between  two  sheets  comes,  at  that  point  there  is  a 
break  in  the  film.  But  as  the  Blamire  lattice  is  to  the 
scribbler's  doffer,  so  the  ring  doffer  is  to  the  last  swift, 
and  as  on  the  former  there  are  breaks  in  the  film  of  wool 
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laid  on  to  it,  so  on  the  latter  there  must  also  be  breaks 
in  the  film.  They  are  invisible  no  doubt,  because  the 
swift  goes  so  quickly  that  it  crowds  on  to  an  inch  of  the 
dofi'er's  surface  what  has  spread  over  several  feet  of  its 
own  surface,  but  the  breaking  of  the  film  is  there  all  the 
same,  and  may  or  may  not  be  mended  by  the  rapid 
passage  of  the  swift.  The  point  is,  perhaps,  a  small  one, 
but  when  the  roving  is  stretched  out  on  the  mule  every 
little  weakness  is  felt,  and  whatever  tends  to  prevent  it 
from  being  perfectly  uniform  is  distinctly  bad.  By  cover- 
ing the  last  swift  with  filleting,  very  carefully  stretched 
and  nailed  on,  this  risk  will  be  avoided,  the  roving  will 
certainly  gain  something  in  strength,  and  the  spinning  be 
by  that  much  improved. 

177.  Ring  doffers. — We  have  now  finally  to  consider 
the  last  doffer  and  the  condenser  before  coming  to  the 
spinning.  The  English  method  is  to  cover  the  last  doffer 
with  rings  instead  of  continuous  filleting.  These  rings 
are  simply  circles  of  filleting,  just  large  enough  to  be  put 
on  the  doffer  at  one  end  and  then  pushed  down  it  to  the 
other,  and  so  on  till  the  whole  roller  is  covered  with  these 
rings.  Though  this  is  the  main  feature  of  the  ring  doffer, 
it  is  divided  into  several  varieties.  (1)  The  double  rubber 
condenser ;  (2)  the  single  rubber  condenser,  both  of  these 
being  worked  with  single  ring  doffers ;  (3)  the  double 
ring  doffer.  For  the  first  two  there  is  just  one  doffer ;  it 
is  covered  with  rings  -i-l^-inch  wide,  and  between  each 
ring  the  space  is  filled  with  strips  of  leather  or  vulcanite 
y\  of  an  inch  wide,  as  high  as  the  top  of  the  wires  on  the 
rings.  It  is  difficult  to  get  the  rings  all  of  quite 
uniform  leather,  and  all  equally  tight,  and  to  meet  this 
some  persons  now  cover  with  filleting,  which  is  wrapped 
on  very  carefully,  and  then  enough  wires  are  cut  away 
close  to  the  foundation  to  make  the  spaces  above  referred 
to,  and  these  are  filled  with  leather,  etc.,  in  the  usual 
way.  This  doffer  then  works  against  the  last  swift, 
clearing  i|-  of  every  inch  of  it.  To  prevent  the  -^^,  which 
are  left  forming  into  ridges,  two  of  the  workers  on  the 
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swift  have  a  traverse  motion,  so  that  they  catch  and 
spread  over  again  the  fibres  left  by  the  doffer.  This  is  a 
wasteful  way,  in  so  much  as  the  carded  wool  thus  left, 
although  ready  to  be  doffed,  has  to  be  sent  back  to  the 


Fig.  63. 

swift  to  be  again  worked  and  placed  on  the  doffer  at  the 
next  opportunity. 

178.  Double  Rubber  Condenser. — The  double  rubber 
condenser  works  against  the  single  doffer  as  here  shown 
(Fig.  63)  :  A^  and  A^  are  the  rubbers,  of  which  a  perspec- 
tive view  is  given  at  z.  The  lower  one  clears  every  alter- 
nate ring  of  the  doffer,  and  the  upper  one  clears  the  others, 
each  rubber  taking  an  alternate  ring.  They  revolve  in  the 
direction  marked  by  the  an-ows,  and  as  the  wool  comes 
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off  with  them,  it  is  passed  between  the  rubbing  leathers, 
c  c.  These  have  a  double  motion.  They  are  endless 
leathers  travelling  as  marked,  so  that  they  carry  forward 
the  thin  ribbon  of  wool  which  is  between  them,  and  they 
also  have  a  side  motion  which  makes  the  one  rub  against 
the  other,  and  condense  the  ribbon  of  wool  into  a  round 
pith-like  roving  without  any  twist  in  it.  This  is  the 
portion  of  the  machine  which  makes  it  possible  to  spin 
direct  from  the  card,  for  if  the  roving  were  not  rubbed 
strongly  and  quickly  together,  it  could  have  no  con- 
sistency, and  would  remain  a  mass  of  loose  fibres,  quite 
useless  for  the  purpose.  It  is  this  same  rubbing  leather 
motion  which  plays  a  leading  part  in  French  worsted 
drawing.  On  leaving  the  leathers,  the  end  passes  through 
a  guide,  D,  round  a  roller,  e,  and  on  to  the  bobbin,  F, 
when  it  is  ready  for  spinning.  This  system  is  used  for 
coarse  wool  which  has  many  fibres  standing  out,  because 
it  is  necessary  to  separate  the  rovings  thoroughly,  and 
not  leave  stray  hairs  to  catch  from  one  roving  to  another. 
Its  drawback  is  that  it  is  difficult  to  get  each  rubber  set 
exactly  alike  on  the  rings  of  the  doffer.  If  the  lower 
one  is  nearer,  it  will  get  more  wool,  leaving  the  upper 
one  rather  bare,  and  in  any  case  the  lower  one,  which 
clears  the  dofier  first,  has  a  tendency  to  catch  the  long 
hairs,  and  so  take  more  than  its  proper  share,  and  thus 
be  rather  heavier  and  make  thicker  yam. 

179.  Single  Rubber  Condenser. — The  single  rubber 
condenser  (Fig.  64)  avoids  this,  but  still  it  is  not  so  well 
suited  for  long  wool,  because  the  stray  hairs  catch  each 
other  in  the  rubbing  leathers,  and  break  the  rovings.  For 
it  the  ring  doffer  is  the  same  as  before.  The  rubber,  a\  is 
a  roller  with  bosses  on  as  in  the  former  case,  but  there  is 
only  one  instead  of  two,  and  it  clears  every  ring  of  the 
doffer  at  once.  The  small  ribbons  of  wool  which  it  stiips 
off  are  passed  under  the  grooved  roller  b,  the  ridges  of 
which  (see  b')  separate  effectually  the  different  ends  of  the 
condensed  wool.  All  the  ends  then  pass  through  the 
leather  rubbers  as  before,  and  on  to  the  bobbin.     A^ 
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these  roving  ends  are  only  an  inch  apai-t,  it  will  easily  be 
seen  that  only  short  fine  wool  should  be  worked  in  this 


way ;  but  given  this  material,  it  is  the  best  method,  a? 
the  roving  must  all  be  one  weight. 

180.  Double  Doffer.— The  third  method  is  the  double 
dofFer  double  rubber  condenser,  made  by  Tatham,  of 
Rochdale,  of  which  a  full  drawing  is  given  (Fig.  65). 
The  body  of  the  card  is  the  same  as  usual ;  but  instead 
of  one  lai'ge  front  doffer  to  clear  the  swift,  there  are 
two  small  ones,  about  fourteen  inches  in  diameter, 
covered  with  rings  an  inch  wide,  with  an  inch  space  left 
blank  between  them.  The  doffers  are  so  placed  that  the 
ring  of  the  one  is  above  the  blank  space  of  the  other,  so 
that  they  entirely  cover  the  surface  of  the  swift,  and 
take  all  the  wool  off  it,  which  is  an  improvement  on  the 
single  doffer,  where  some  wool  is  always  left.  The  draw- 
back of  this  system  is  that  it  is  always  impossible  to  get 
the  roving  from  each  doffer  alike,  that  from  the  upper 
one  being  the  heavier  because  the  swift  meets  it  first. 
There  ai-e  always  some  loose  hairs  thrown  off  by  the 
fancy,  which  fall  on  the  swift.  These  the  top  doffer  gets, 
and  it  will  also  probably  get  some  of  the  projecting  hairs 
which  belong  to  the  part  that  has  to  be  stripped  by  the 
bottom   doffer.      This  will  be  seen   from  the  positions 
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of  the  two  doffers,  marked  d  d.  They  are  driven  by 
toothed  wheels  from  the  cylinder  shaft,  and  their  speed 
can  be  altered  by  changing  the  wheels  which  drive 
them.  If  the  yarn  is  to  be  kept  regular,  the  top  rovings 
should  always  be  spun  separately  from  the  bottom 
ones ;  but  the  thickness  can  be  regulated  to  make  them 
nearly  alike  by  altering  the  speed  of  either.  There  is  no 
other  way  of  affecting  the  difference  satisfactorily,  as 
each  should  be  set  as  close  as  possible  to  the  swift  without 
touching  it.  From  the  dofi'ers,  the  ends  are  taken  in  the 
regular  way  to  the  rubbing  leathers,  and  on  to  the 
bobbins.  This  method  is  used  for  very  coarse  wool, 
where  even  the  double  rubber  does  not  separate  the 
fibres  sufficiently.  It  is  also  used  where  two  thick- 
nesses of  roving  are  wanted  from  one  blend ;  by  altering 
the  driving  wheels,  the  speeds  can  be  changed  to  any 
extent. 

181.  Belgian  Condenser. — The  Belgian  system,  in- 
vented by  Celestine  Marten,  differs  from  all  these. 
There  is  no  ring  doffer.  The  doffer  is  covered  with 
filleting,  in  the  same  way  as  any  other  fillet-covered 
dofier,  and  the  film  of  wool  is  taken  off  in  one  broad 
sheet.  This  sheet  has  to  be  divided  or  condensed  into 
rovings.  It  first  passes  between  two  iron  rollers,  made 
with  alternate  solid  rings  and  grooves,  somewhat  like 
the  one  shown  above,  but  not  cut  so  deep.  They  are  in 
appearance  like  two  small  ring  doffers  placed  on  each 
other,  the  ring  of  the  one  against  the  groove  of  the 
other.  In  each  groove  is  a  leather  strap,  which  just  fills 
it  up,  so  that  when  the  rollers  are  together  there  is  a 
series  of  leather  straps  continuously  all  along  them. 
Each  leather  strap,  groove,  and  ring,  represents  one  end 
of  roving  to  be  made.  As  the  film  of  wool  passes 
through  these  rollers  it  is  divided  into  ribbons,  and  is  so 
twisted  by  the  leather  straps  that  what  was  in  a  groove 
is  now  carried  down  to  a  solid  ring,  and  what  was  in  a 
solid  ring  is  carried  up  into  a  groove  of  another  pair  of 
rollers  in  front.     Owing  to  this  crossinar  backwards  and 
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forwai'ds,  the  condensed  ends  are  thoroughly  separated, 
and  can  then  be  passed  through  the  rubbing  leathers  and 
on  to  the  bobbin.  This  method  is  said  to  be  much 
superior  to  the  English  one,  and  has  been  further  im- 
proved by  J.  S.  Bolette,  of  Pepinster,  in  Belgium,  who, 
instead  of  rollers,  after  the  first  pair,  employs  twisted 
endless  leather  straps  that  divide  the  rovings,  and  pass 
them  on  to  the  rubbers.  A  better  spin  is  obtained  from 
this  method,  but  it  does  not  appear  yet  to  have  made 
much  progress  in  this  country. 

182.  Belgian  Carding. — As  we  have  given  this  brief 
account  of  Belgian  condensing,  it  may  be  well  to  state 
the  system  of  carding  they  have  adopted,  as  it  is  totally 
different  from  what  is  seen  here.  As  is  well  known, 
the  Belgians  have  entirely  beaten  the  English  woollen 
spinners  in  one,  if  not  more,  branches  of  the  trade,  the 
one  here  referred  to  being  in  fine  all-wool  yams  chiefly 
for  the  Glasgow  market.  It  is  not  a  question  of  hours 
and  wages,  but  of  power  to  produce  the  yarn.  They 
use  Buenos  Ayres  wool  chiefly  for  it.  The  following 
extract,  describing  the  Belgian  cards,  is  from  a  letter  by 
Mr.  T.  Lister,  of  Huddersfield,  addressed  to  the  Textile 
Manufacturer : — 

"  In  the  continental  system  we  will  take  as  our 
example  the  machinery  of  M.  Marten,  a  large  Belgian 
maker,  machinery  admirably  adapted  in  every  respect 
for  the  production  of  the  yams  under  our  notice.  This 
set  consists  of  three  separate  single  cylinder  engines, 
10  inches  wide;  the  breaker  comprising  1  licker-in, 
50  inches  diameter,  with  burr  roller,  1  small  breast, 
10  inches  diameter,  with  2  workers  and  2  strippers, 
each  3  inches  diameter,  all  of  which  are  covered  with 
garnet  saw-tooth  licker-in  wire ;  1  cylinder,  44  inches 
diameter,  8  workers,  7  inches  diameter,  8  strippers,  2^- 
inches  diameter,  1  angle  stripper,  6  inches  diameter, 
1  fancy,  15  inches  diameter,  and  1  doffer,  16  inches 
diameter,  stripped  with  a  fly  comb ;  the  intermediate 
and  condenser  carder  are  of  the  same  dimensions  as  the 
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breaker,  without  the  breast,  all  clothed  with  the  stiff 
Belgian  cards.  The  condensing  machine  is  M.  Marten's 
strap  patent,  which  dispenses  with  our  usual  doffer 
covering  of  separate  rings,  or  ribbons,  thus  saving  so 
much  of  what  to  us  is  wasted  space,  and  enabling  it,  by 
utilising  the  whole  of  the  doffer  surface,  to  turn  off  the 
large  number  of  120  good  threads  from  this  narrow 
width  of  50  inches.  This  machine,  condensing  to  20 
skeins,  and  saving  the  intermediate  process  of  roving,  is 
capable  of  turning  out  110  pounds  per  day  of  ten  hours. 
Compare,  or  ought  I  not  to  say  contrast,  this  set  with 
our  usual  bulky  carding  machinery,  60  inches  wide, 
containing  4  cylinders  and  4  doffers,  each  one  of  which 
is  larger  than  a  Belgian  one,  with  the  addition  of  a 
breast  large  enough  to  entitle  it  to  the  name  of  a 
cylinder.  Let  any  one  take  the  separate  dimensions  of 
the  two  sets,  and  he  will  find  that  the  Belgian  set 
requires  fully  one-third  less  card  covering,  and  one-fourth 
less  motive  power." 

The  difference  is  striking  enough  to  need  no  comment, 
but  to  make  it  desirable  that  the  facts  should  be  known. 

183.  Mule  Spinning. — We  come  now  to  the  final 
operation  of  spinning  on  the  mule,  and  shall  see  how 
entirely  different  it  is  from  even  the  mule  form  of 
worsted  spinning.  It  is  not  necessary  to  give  a  complete 
description  of  the  various  parts  of  the  mule.  The  aim 
of  this  book  is  to  describe  processes  and  machines  just 
so  far  as  to  enable  those  who  work  them  to  have  a 
thorough  knowledge  of  how  they  should  be  worked,  and 
therefore  we  do  not  need  to  describe  at  length  motions 
which  never  alter,  and  which  are  fixed  by  the  machine 
maker.  It  is  enough  to  indicate  their  general  functions. 
Any  full  account  of  the  mule  would  occupy  too  much 
space,  for  it  is  one  of  the  most  intricate  and  complicated 
of  machines.  The  drawing  here  given  (Fig.  66)  of  one  of 
Tatham's  woollen  mules — which  are  very  different  from 
cotton  mules — will  give  a  general  idea  of  the  machine. 
The  long  rolls  of  condensed  roving  from  the  card  are  set 
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on  the  upright  stands  at  the  back,  which  are  here  shown 
empty.  As  they  unwind  the  ends  pass  through  the 
rollers.  There  is  only  one  pair  of  rollers  for  woollen 
spinning,  and  they  correspond  to  the  hack  rollers  of  a 
throstle  spinning  frame,  and  not  to  the  front  ones,  for 
they  do  not  draft  the  roving.  The  ends  are  fastened 
round  the  .spindles  to  the  little  paper  tubes,  on  to  which 
the  yarn  is  usually  spun  for  warp,  or  on  to  the  spools, 
which  are  used  for  weft.  The  carriage  in  which  the 
spindles  are  placed,  and  in  which  they  run,  being  driven 
by  bands  concealed  in  the  lower  part  of  the  framework, 
is  at  the  commencement  close  up  to  the  rollers.  As 
soon  as  the  rollers  begin  to  revolve,  delivei-ing  the 
roving,  the  carriage  also  starts,  and  travels  on  the  rails, 
as  shown,  away  from  the  rollers,  at  such  a  speed  as  to 
keep  the  roving  nicely  stretched,  but  without  drafting  it. 
The  spindles  also  begin  to  turn  comparatively  slowly, 
putting  a  little  twist  for  the  first  time  into  the  roving. 
When  the  carriage  has  gone  about  half  its  journey, 
i.e.,  about  a  yard,  the  rollers  cease  to  deliver  any  more 
roving,  but  the  carriage  pi-oceeds,  nevertheless,  to  the 
end.  The  draft  is  now  being  put  into  the  yarn,  for  the 
one  yard  which  was  delivered  by  the  rollers  is  drawn 
out  to  two,  and  it  is  being  twisted  during  exactly  the 
same  time  that  it  is  being  drawn,  and  by  the  same 
means,  namely,  the  spindle,  as  that  which  di-aws  it. 
When  the  carriage  stops  the  yarn  is  spun,  but  if  it  is 
necessary  to  put  more  twist  in  it,  which  is  usually  the 
case,  the  spindles  continue  to  revolve,  and  at  a  greatly 
increased  rate,  to  save  time.  This  extra  twist  shortens 
the  yarn,  and  therefore  the  carriage  has  to  return  slowly 
a  few  inches,  the  length  being  proportionate  to  the  time 
the  spindles  continue  to  put  in  twist ;  but  care  is  taken 
that  the  yarn  is  always  kept  at  its  full  tension.  There 
is  no  flyer  on  the  spindle,  but  the  yarn  is  raised  up  to 
above  the  level  of  the  spindle  top,  and  afterwards  lowered 
again  by  two  wires  running  the  length  of  the  mule, 
called  the  faller  and   counter- fallen       But  for  this  the 
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spindle  in  revolving  would  wrap  the  yarn  round  it- 
self; but  as  it  is  raised  the  yam  at  every  turn  slides 
over  the  spindle  top,  and  so  receives  twist  without 
being  wrapped  on.  When  the  twisting  has  ceased,  there 
are  a  few  inches  of  yarn  always  wrapped  too  high  on  the 
spindle,  and  these  must  be  unwound  and  then  rewound 
along  with  the  two  yards  of  new  yarn  just  made.  The 
spindles  reverse  themselves  a  few  turns,  the  faller  and 
counter-faller  change  positions,  being  lowered  to  keep 
this  unwound  yarn  straight,  and  then  the  carriage  begins 
to  travel  back  to  the  rollers,  and  the  spindles  wind  on 
the  yarn  in  its  proper  place  on  the  spool,  the  position  of 
the  counter-faller  determining  on  what  part  of  the  spool 
it  shall  be  wound.  In  doing  this  it  takes  the  place  of 
the  lifter  motion  of  the  throstle  frame.  All  these  many 
and  complicated  motions  are  worked  automatically,  the 
spinner  having  nothing  to  do  with  them.  It  is  for  this 
reason  these  mules  are  called  self-actors,  to  distinguish 
them  from  the  hand  mule,  whose  different  motions  were 
regulated  and  worked  by  the  spinner.  There  is  not 
much  alteration  in  the  draft.  The  usual  course  is  for 
the  rollers  to  deliver  during  half  the  journey  of  the 
carriage,  which  gives  a  draft  of  two ;  but  for  thick  yarns 
this  is  often  reduced  to  a  draft  of  one  and  a-half — 
i.e.,  the  rollers  deliver  during  two-thirds  of  the  journey 
of  the  carriage.  The  draft  can  be  altered  in  the  simplest 
way,  that  is,  by  altering  the  length  of  time  during 
which  the  rollers  deliver  the  roving.  This  is  done  by 
moving  what  is  called  the  "  setting  finger,"  in  a  groove 
on  the  face  of  the  "  slubbing  wheel,"  to.  the  figure  re- 
quired, which  is  indicated  on  its  face.  The  position  of 
this  finger  determines  the  number  of  inches  turned  out 
by  the  rollers.  There  are,  therefore,  no  change  wheels, 
and  no  reckonings-Tip  to  find  the  diaft.  A  similar 
contrivance,  by  altering  a  peg  in  a  wheel,  determines  the 
twist  which  shall  be  put  in  after  the  carriage  has  stopped; 
and  thus,  though  the  machine  is  really  much  more 
complicated  in  its  construction  than  a  throstle,  it  is  very 
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much  simpler  to  work,  and  no  calculations  are  needed 
by  the  minder  or  overlooker.  The  rovings  are  made 
thick  or  small  by  the  speed  of  the  ring  doffer,  and  by  the 
amount  fed  into  the  sciibbler  and  card,  according  as  the 
yarn  to  be  spun  is  coarse  or  fine  in  counts ;  and,  as 
above  shown,  the  size  of  the  yam  can  be  again  altered 
by  regulating  the  length  turned  out  by  the  rollers. 

184.  Difference  between  Worsted  and  Woollen. — So 
much  for  the  actual  operation  of  spinning.  It  is  worth 
while  now  to  consider  again  the  difference  between  a 
worsted  and  woollen  yarn,  by  noting  the  action  of  the 
fibres  as  each  is  being  made.  We  have  seen  the  difference 
in  the  preparation  for  each.  In  every  sort  of  prepara- 
tion for  worsted  yarn,  including  the  French  system 
previous  to  the  worsted  mules,  the  sliver,  slubbing,  or 
finishing,  as  the  case  may  be,  is  drawn  out  from  one  end, 
and  as  fast  as  that  end  is  drawn,  more  is  supplied,  and 
the  fibres  are  kept  smoothed  straight  out.  In  the  rovings 
made  on  the  condenser  there  is  no  attempt  at  drawing 
out  either  at  one  end  or  anywhere  else.  The  fibres  in 
the  rovings  are  just  in  the  same  condition  as  when 
they  left  the  ring  dofier,  except  that  they  are  rubbed 
by  the  condenser  leathers,  to  make  them  hold  together. 
So  too  with  the  spinning.  In  worsted,  in  every  kind  of 
spinning  machine,  the  drafting  is  entirely  separate  and 
independent  of  the  twisting,  and  either  can  go  on,  so  far  as 
the  machine  is  concerned,  without  the  other.  That  is, 
the  rollers  can  deliver  the  yarn  though  the  spindles  may 
be  standing  (in  which  case  it  becomes  soft- waste),  or  the 
spindles  can  revolve  though  the  rollers  are  standing 
(when  the  part  thus  hard  twisted  becomes  hard  waste). 
The  front  rollers  which  draft  the  yarn,  draw  it  out  inch 
by  inch  from  the  end  of  the  roving  which  is  being  con- 
tinually supplied  by  the  back  rollers,  and  only  those 
fibres  are  being  drawn  out  which  are  in  the  nip  of  the 
front  rollers  at  any  given  moment.  The  fibres  which 
have  not  yet  reached,  or  have  entirely  passed  through 
these  rollers,  are  not  being  interfered  with  by  them.     As 
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fast  as  the  fibres  pass  through  the  front  rollers,  they  are 
twisted  and  in  throstle  frames  are  wound  on  to  bobbins. 
In  the  worsted  mule  they  ai-e  wound  on  after  the  twist 
and  drawing  have  ceased.  Thus  in  all  these  frames  there 
are  three  distinct  operations  carried  on  successively  but 
simultaneously  (except  in  the  winding  on  the  mule) ; 
these  are  drafting,  twisting,  and  winding  on  to  the 
bobbin  ;  and  only  the  fibres  which  are  passing  through 
the  front  rollers  are  being  drafted  at  any  given  moment. 
With  the  woollen  mule  all  this  is  different.  Part 
of  the  twisting  is  done  before  any  draft  is  applied,  part 
while  the  drafting  is  going  on,  and  the  rest  after  it 
has  ceased.  The  winding-on  is  done  after  both 
drafting  and  twisting  have  ceased.  But  in  the 
drafting  itself  we  see  the  main  difference.  A  whole 
yard  is  drafted  at  one  time  into  two  yards.  The 
instant  the  rollers  cease  delivering,  every  fibre  in  the 
roving  begins  to  move  both  with  a  rotatory  and  longi- 
tudinal motion,  the  result  of  the  combined  twist  and 
di-aft.  As  the  yam  depends  for  its  strength  on  the 
longest  fibres,  these  form  themselves  into  the  core,  and 
gather  as  they  twist  the  other  fibres  round  them.  If 
there  be  a  thin  place  in  the  roving  it  is  drawn  out  thinner, 
and  then  the  twist  runs  up  to  it,  for  twist  will  always 
run  to  the  thinnest  point  in  a  thread  or  rope.  By  this 
natural  means,  the  thin  place  is  hardened  and  resists  any 
further  drawing,  while  some  thick  place  which  is  short 
of  twist  gets  pulled  out,  and  so  the  whole  length  is 
equalised.  Thus  the  operation  is  completed.  The  long 
fibres  tend  to  go  to  the  centre  and  gather  the  others 
round  them  ;  they  all  lie  in  whatever  direction  they 
happen  to  have  left  the  condenser,  subject  to  such  altera- 
tion as  the  draft  may  have  caused ;  but  there  is  no 
attempt  to  make  them  smooth  and  parallel,  as  is  the  case 
in  the  worsted  thread.  Tlie  method  of  the  drafting 
taking  place  throughout  the  entire  length  of  the  delivered 
loving  at  the  same  moment,  precludes  the  possibility  of 
this  happening.     We  thus   see  that  the  definitions  we 
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previously  gave  were  correct,  viz.,  that  worsted  is  a 
thread  spun  from  wool,  in  which  the  fibres  are  so 
arranged  as  to  lie  smoothly  in  the  direction  of  the  thread 
and  parallel  to  each  other;  and  that  woollen,  on  the 
other  hand,  is  a  thread  in  which  the  fibres  are  arranged 
so  as  to  lie  in  every  direction,  and  to  cross  and  overlap 
each  other  that  they  may  present  their  serrated  surfaces 
in  the  greatest  variety  of  ways. 


CHAPTER  XL 

TWISTING,  REELING,  AND  SCOURING. 

185.  Winding. — We  have  followed  the  course  of  the 
wool  through  its  various  processes  which  were  common  to 
both  worsted  and  woollen,  and  also  through  the  more 
numerous  and  complicated  ones  which  each  division  has  for 
itself.  The  two  may  now  be  again  united  so  far  as  the 
purpose  of  this  book  is  concerned,  though  the  special 
methods  in  each  trade  may  somewhat  vary.  Want  of 
space,  however,  precludes  any  lengthy  description  of  the 
processes  of  twisting,  reeling,  and  scouring ;  and  dyeing 
is  not  within  our  present  scope. 

It  is  a  disputed  point  whether  yams  should  be  wound 
on  to  large  bobbins  before  being  twisted.  The  advocates 
for  it  urge,  with  reason,  that  if  very  large  bobbins  can  be 
placed  on  the  pegs  of  the  twisting  frame,  there  is  much 
less  risk  of  single  yam  being  allowed  to  run,  or  of  waste 
being  made  in  pulling  it  back.  Also  one  girl  can  mind  a 
greater  number  of  spindles.  The  opponents  allege,  also 
with  reason,  that  to  wind  the  yarn  is  putting  it  through 
an  extra  process,  which  may  ruffle  the  fibres,  and  that  it 
is  better  to  twist  it  by  drawing  it  off  the  spinning  bobbin 
the  reverse  way  from  that  in  which  it  is  wound  on, 
which  is  done  when  there  is  no  winding,  as  the  loose 
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fibres  then  wrap  into  each  other  better  than  when  it  is 
pulled  off  and  twisted  in  the  same  direction  as  it  is  spun. 
This  latter  takes  place  when  the  yarn  has  been  wound  on 
to  other  bobbins.      The  objection  seems  to  be  somewhat 


Fig.  67. 

the  same  as  that  against  drafting  twice  in  the  same 
direction,  though  there  is,  of  course,  no  draft  in  twisting. 
The  most  satisfactory  conclusion  seems  to  be  that  when 
the  spinning  bobbins  are  large  it  is  hardly  worth  while 
to  wind  the  yam,  but  where  they  are  small,  and  the  ply 
more  than  two-fold,  the  saving  in  waste  by  winding  is 
greater  than  the  exi^ense  in  wages,  and  counterbalances 
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any  possible  ruffling  of  the  yam.  There  are  many  trap 
winders  for  winding  either  single  threads  or  two  or  more 
together,  but  it  is  not  necessary  here  to  describe  them. 


Fig.  68. 


186.  Roller  and  Trap  Twisters. — Better  than  any 
winders  for  saving  waste  are  trap  twisters  where  the 
yarn  is  not  very  soft,  and  can  support  the  slight  weight 
of  a  detector.  The  old  roller  twister  (Fig.  67)  is  still 
found  to  be   best  for   very  soft  yams.      It   is   simply 
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the  spinning  frame  without  the  back  rollers  and 
carriers,  and  therefore  without  the  draft,  the  front  rollers 
and  the  spindles  being  the  entire  machine.  The  twist 
is  reckoned  the  same  way  as  in  a  spinning  frame.  A 
better  frame  is  Illingworth's  trap  twister,  which  is 
here  shown  (Fig.  68)  with  caps  instead  of  flyers, 
either  being  equally  suitable.  The  yarn  is  wound  once 
round  the  vertical  rollers,  R  R,  which  take  the  "place  of 
the  ordinarily  horizontal  rollers  of  the  other  frame  and 
regulate  the  twist  by  the  speed  at  which  they  run. 
They  are  driven  by  small  bevel  wheels  below  each  one, 
but  yet  run  by  friction.  A  detector  is  attached  to  them 
on  a  lever ;  the  yarn  passes  through  an  eye  at 
one  end  of  it,  keeping  it  down.  The  roller,  r,  then 
revolves,  delivering  the  yarn  at  a  fixed  speed  ;  if  the 
thread  breaks  or  runs  out,  the  detector  is  freed  and  rises 
up.  The  catch  in  its  other  end  stops  the  roller,  R,  but 
the  bevel  wheels  are  not  stopped,  the  friction  which  com- 
municated motion  from  them  to  the  roller  not  being 
strong  enough  to  stop  the  wheels,  though  quite  enough  to 
drive  the  roller  when  it  is  free  from  the  action  of  the 
detector.  This  is  the  commonest  form  of  trap  twisting 
frame  for  all  two-fold  yarns,  and  is  one  which  works  well. 
But  it  has  this  defect,  that  when  one  end  of  yarn  breaks 
or  runs  out,  the  other  must  be  broken  too,  and  what  is 
called  a  bunch-knot  tied.  For  most  two-folds  this 
does  not  matter  much,  though  for  thick  counts  it  is  a 
drawback. 

187.  Stop-motion  Twisters. — The  only  way  in  which 
bunch-knots  can  be  avoided  is  by  stopping  the  spindle 
as  well  as  tlie  rollers  when  an  end  breaks,  and  these  two 
must  be  stopped  at  precisely  the  same  time,  or  the 
broken  end  cannot  be  prevented  from  running  down  the 
spindle.  The  three  chief  inventors  of  these  stop  motions 
are  Messrs.  Prince  Smith  and  Son,  of  Keighley,  Messrs. 
J.  and  T.  Boyd,  of  Glasgow,  and  Mr.  Unsworth,  of  Man- 
chester. We  cannot  here  describe  in  detail  the  stop 
motions,  and  it  is  the  less  necessary  as  their  working  does 
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not  depend  on  any  adjustment  made  by  the  overlooker, 
but  chiefly  on  their  being  kept  perfectly  clean  and  in 
good  repair.  For  two-fold,  that  of  Messrs.  Boyd  is  the 
best ;  for  four  to  six-fold,  that  of  Messrs.  Prince  Smith ., 
and  Son  seems  to  us  most  serviceable.  In  the  woollen 
trade  Mr.  XJnsworth's  is  largely  used  and  much  liked. 
The  methods  by  which  they  act  are,  of  course,  different, 
but  in  their  main  features  they  are  all  the  same.  Each 
thread  passes  through  a  very  light  detector,  which  is 
raised  by  it.  When  an  end  breaks,  the  detector  falls, 
and  is  hit  by  either  a  rocking  bar  or  a  revolving 
shaft  with  beaters  on  it,  and  is  knocked  up  against 
a  catch  which  is  thereby  loosened.  This  catch  is  attached 
to  two  levers ;  one  works  on  the  front  top  roller,  and  the 
other  on  the  spindle.  The  former  when  dropped  or 
raised,  as  the  case  may  be,  lifts  the  top  front  roller,  and 
thus  prevents  the  delivery  of  more  yarn.  The  latter 
stops  the  spindle.  This  can  be  done  in  a  variety  of  ways. 
Messrs.  Prince  Smith  and  Son  drive  this  spindle 
by  the  friction  of  a  very  heavy  collar  on  it  against  a 
large  leather  washer,  which  rests  on  the  wharl,  and 
they  stop  the  spindle  by  inserting  a  wedge  which  raises 
this  collar  up,  and  at  the  same  time  holds  it  from  re- 
volving farther.  Messrs.  Boyd  have  two  methods, 
either  by  slackening  the  bands  by  lowering  two  little 
pulleys  on  which  each  has  been  running,  or  by  having  a 
tight  and  loose  wharl  on  each  spindle  like  the  pulleys  on 
a  frame  end,  and  having  a  guide  fork  to  knock  the  belt 
off  the  former  on  to  the  latter.  This  is  a  way  which 
works  very  well,  and  is  free  from  some  of  the  objections 
which  can  be  urged  against  friction  driving.  Whatever 
plan  may  be  adopted,  the  spindle  must  stop  suddenly  and 
entirely,  and  yet  care  must  be  taken  that  the  bobbin  does 
not  overi-un  itself  with  the  sudden  stoppage.  The 
saving  in  waste  from  any  of  these  machines  is  such  as  to 
pay  for  them  in  a  comparatively  short  time,  and  they 
'  will  ultimately  entirely  supersede  all  the  old  twisters. 
There  is  a  second  form   of  twisting  called  re-doublin<r. 
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which  is  chiefly  used  for  carpet  yarn.  It  is  for  twisting 
two  or  more  threads  together  that  have  already  been  each 
made  into  two-fold,  the  object  being  to  keep  them  to- 
gether. For  this  purpose  it  is  only  necessary  to  put 
fi'om  six  to  twelve  turns  per  yard  into  the  yarn.  The 
best  frame  for  doing  this  is  Messrs.  Boyd's  redoubler, 
of  which  we  give  a  drawing  (Fig.  69).  The  yai-n  is  taken 
first  through  the  detectors,  and  then  over  the  lower  top 
rollers,  and  down  to  the  bobbins.  Owing  to  the  great 
length  between  the  bobbins  on  the  pegs  at  the  back,  and 
the  receiving  bobbin,  the  broken  end  never  can  slip 
down  the  spindle  before  it  stops.  The  length  between 
the  rollers  and  the  bobbin  also  ensures  regular  twist. 
When  the  frame  traps,  the  lower  top  roller  falls,  and  the 
spindle  band  is  passed  from  a  tight  wharl  to  a  loose  one, 
and  thus  the  trap  is  complete  and  effective, 

188.  Effect  of  Twisting.— The  twist  in  a  twisting 
frame  must  always  be  put  in  the  reverse  way  from  the 
spinning  twist,  or  else  it  would  not  remain  in.  The 
effect,  therefore,  of  twisting  is  to  untwist  the  single  yarn 
while  twisting  the  two-fold,  and  this  must  always  be 
borne  in  mind,  when  it  is  desired  to  have  both  a  hard 
single  and  a  hard  two-fold,  that  the  harder  the  two-fold 
the  more  twist  will  be  taken  out  from  the  single.  Yarn 
must  always  lose  a  little  length  in  twisting,  the  loss 
being  proportionate  to  the  thickness  of  the  yarn  and  the 
hardness  of  the  twist,  and  therefore,  of  course,  varying 
with  every  count.  If  two  bobbins  of  the  same  counts  are 
twisted  together,  the  count  will,  of  course,  become  half  of 
what  it  was  before,  just  as  the  weight  will  be  double. 
Thus  two-fold  40's  is  equal  to  single  20's,  not  allowing  for 
running  up  of  the  twist.  When  different  counts  are 
twisted  together,  to  find  the  count  of  the  combination 
multiply  the  numbers  of  the  two  counts  together  and 
divide  the  product  by  the  sum  of  the  two  added  together. 
Thus,  if  16's  and  32's  be  twisted  together, 
16x32  512 


=   lOf: 

16  +  32  48  ■^' 


Q 
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or  if  it  be  desired  to  obtain  a  given  count  in  two-fold,  and 
one  of  the  two  single  threads  is  known,  but  not  the 
other,  then  multiply  the  known  thread  and  given  count 
together,  and  divide  the  product  by  the  difference  between 
these  two  numbers,  and  the  answer  will  be  the  unknown 
count  which  was  wanted.  Thus,  if  it  is  desired  to  have 
a  36's  yarn  in  two-fold,  of  which  one  thread  must  be  60's, 
then  60x36    _   2160    _ 

60—36    ~~      24      ~~    ^' 
which  is  the  other  count  required. 

189.  Beeling^. — About  reeling  not  much  need  be  said. 
The  length  varies  from  one  to  twelve  yards,  and  the 
forms  of  making  up,  leasing,  and  tying  are  endless.  The 
common  form  for  single  yarn  on  a  one-yard  swift  is  to 
reel  a  full  hank  of  560  yards,  divided  into  seven  leas  or 
raps  of  eighty  yards  each.  There  are  wheels  at  the  end 
of  the  swift  which  work  round  at  any  rate  they  may  be 
set  to,  and  at  the  end  of  every  revolution  cause  the  guide 
rod  of  the  reel  to  shift  a  short  distance  to  mark  the 
commencement  of  a  new  lea  or  rap.  To  set  these  wheels, 
and  find  the  proper  change  wheel,  it  is  necessary  always 
to  bring  them  round  to  the  point  they  started  from,  when 
the  reel  is  ready  to  be  doffed.  To  find  the  number  of 
revolutions  two  wheels  geared  into  each  other  must  make 
before  they  return  to  their  original  position,  divide  the 
product  of  the  number  of  teeth  in  each  wheel  by  their 
greatest  common  divisor  ;  and  this  quotient,  divided  by 
the  number  of  teeth  in  each  wheel,  will  give  the  number 
of  revolutions  which  that  wheel  must  make  to  return  to 

its  starting-point.     Take  a  36  and  a  48  ;  then  = 

144.  And  Ta  ~  ^'  ^"^  36'^^'^'  '^^^^^  ^^^  *^®  number 
of  revolutions  these  wheels  must  make  to  return  to  their 
original  positions. 

190.  Gassing  and  Scouring. — Gassing,  or  genapping, 
and  scouring  yarn  are  operations  requiring  much  care. 
The  former  process  is  used  for  heald  and  other  yarns,  to 
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remove  all  the  loose  hairs,  and  make  them  perfectly 
smooth.  The  yarn  is  wound  very  quickly  off  the 
bobbin  on  to  a  swift,  and  in  its  transit  passes  through  a 
gas  flame,  which  slightly  singes,  but  does  not  at  all 
destroy,  the  main  part  of  the  yarn.  After  this  process 
it  must  be  scoured  or  dyed.  The  gassing  can,  however, 
be  done  with  advantage  after  the  dyeing  for  dark  colours. 
The  method  of  scouring  depends  on  the  nature  of  the 
■wool  and  the  amount  of  twist  in  the  yarn.  For  short 
wool  not  hard  twisted,  it  is  best  jusc  to  dip  the  yarn 
loosely  in  the  warm  sud,  and  then  either  pass  it  thi-ough 
rollers  or  "whiz"  it  in  a  hydro-extractor.  The  softness 
of  the  twist  prevents  it  from  "jumping"  and  having  a 
cockled  curly  appearance.  For  yarns  that  are  hard- 
twisted  either  in  the  single  or  two-fold,  this  simple  method 
will  not  do.  They  have  so  great  a  tendency  to  curl  and 
jump  that  means  must  be  taken  to  keep  them  straight. 
Some  persons  prefer  to  scour  the  yam  on  the  swift  just 
as  it  has  been  reeled,  and  for  this  purpose  keep  a  large 
number  of  short  swifts,  so  that  as  fast  as  one  is  filled 
with  yarn  it  can  be  placed  in  the  suds,  rapidly  revolved 
there,  then  taken  out,  and  made  to  revolve  again  quickly, 
and  finally  placed  in  a  hot  room  to  dry,  after  which  the 
yam  is  taken  off  the  swift.  This  plan  has  the  merit  of 
preventing  the  yarn  from  shrinking,  and  also  of  keeping 
it  quite  straight  ;  but  sometimes  it  is  desired  to  let  it 
shrink  a  little,  to  give  it  a  fuller  or  more  pearly  appear- 
ance, in  which  case  another  method  must  be  employed. 
In  this  the  yarn  is  first  well  stretched  on  a  sort  of  rack 
which  can  be  screwed  outwards,  so  that  the  yarn  is 
stretched  to  a  slightly  greater  extent  than  it  was  before. 
Then  it  is  taken  off  and  scoured  loose,  in  a  sud  not  too 
warm,  and  wrung  out  in  the  hydro-extractor.  For  hard 
yams  this  is  better  than  press  rollers,  especially  for 
crewel  yarn,  which  shoidd  look  full  and  pearly,  for 
rollers  flatten  it  too  much  and  also  wring  it  unequally. 
From  the  hydro-extractor  it  is  taken  to  the  setting 
frame,    an  iron   stretching   apparatus,    on   which   it   is 
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placed,  and  then  screwed  out  as  tight  as  possible,  to 
stretch  out  all  the  curls.  This  is  lowered  into  a  vat  of 
clean  boiling  water,  and  the  yarn  boiled  for  a  short  time 
to  set  it,  after  which  it  will  never  curl  any  more.  It  is 
then  taken  off,  wrung,  and  placed  on  rods,  hanging  down, 
with  another  rod  at  the  bottom  of  the  hank  to  keep  it 
sti'aight,  and  it  is  taken  to  the  hot  drying-room,  where  it 
is  left  for  perhaps  twelve  hours  till  thoroughly  dry. 
By  thus  being  allowed  to  hang  comparatively  loose  the 
yam  can  shrink  without  risk  of  curling,  and  thus  a  much 
fuller  appearance  is  obtained  than  when  it  is  scoured  on 
swifts.  If  it  is  not  well  dried,  the  ends  will  mat 
together  and  be  spoilt.  If  it  be  over-dried  it  will  come 
back  by  the  natural  moisture  in  the  air  to  its  normal 
condition.  In  England  there  is  no  standard  of  condition  ; 
but  in  France  there  are  public  and  official  testing 
establishments  where  the  condition  of  tops  and  yam  is 
tested.  It  has  been  found  that  from  the  most  absolute 
and  perfect  dryness  which  can  be  obtained  without 
scorching  the  wool,  it  will  regain  18^  per  cent,  of 
moisture,  and  that  that  is  its  proper  and  normal  con- 
dition. Without  efficient  testing  apparatus,  it  is  not 
easy  to  be  sure  that  absolute  dryness  has  been  obtained, 
but  when  the  conditions  are  fulfilled  the  test  is  a  fair 
one. 

191.  Shrinking. — The  amount  that  yarn  will  shrink 
varies  with  the  wool.  Botany  wool  shrinks  very  much, 
and  also  some  sorts  of  English.  The  wools  that  are 
finer  and  better  suited  to  felting  shrink  most.  If  wool 
has  been  dyed  and  then  spun  into  yarn  and  scoured,  it 
will  not  shrink  nearly  so  much  as  yarn  made  of  undyed 
wool.  This  is,  of  course,  because  in  the  dyeing  it  has 
already  been  boiled,  and  has  shrunk  a  good  deaL 
Woollen  yarn  often  shi-inks  more  than  woi-sted,  being 
made  of  shorter  wool,  and  it  also  loses  its  twist  and 
becomes  softer.  Twisted  yams  also  shrink  more  than 
single  ones.  The  average  shrinking,  where  no  means 
are  taken  to  prevent  it,  is  from  2  to  5  per  cent.,  and  the 
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yarns,  therefore,  gain  tliat  in  thickness.  If  they  are 
dyed,  they  often  shrink  even  more,  because  they  are 
boiled  in  the  process. 

192.  Conclusion. — It  is  not  within  the  scope  of  this 
manual  to  treat  of  weaving  or  the  various  processes  of 
finishing  manufactured  goods.  These  subjects  are  suffi- 
ciently wide  to  require  separate  treatment.  The  many 
])rocesses  required  in  the  worsted  and  woollen  trades 
before  the  raw  material  can  be  converted  into  yarn  have 
alone  occupied  our  attention,  and  we  have  pointed  out 
the  principles  underlying  each  operation.  It  has  not 
been  necessary  to  enter  into  the  subject  of  fancy  yarns, 
which  are  made  either  by  twisting  different  counts  or 
different  materials  together,  often  by  means  of  machinery, 
which  causes  loops  or  knots  or  other  intended  irregu- 
larities in  the  folded  yarn.  Such  contrivances  are 
usually  patented,  and  in  any  case  do  not  come  within 
the  general  principle  of  the  trade  which  we  have  described. 
All  the  principles  and  operations  of  the  spinner  have 
been  fully  discussed,  and  we  now  leave  him  to  dispose  of 
his  yarn  to  the  manufacturer.  Without  the  manufacturer 
the  spinner  could  do  little ;  but  without  the  spinner  the 
manufacturer  could  do  nothing. 


GLOSSAEY. 


Alpaca. — The  wool  of  the  Peruvian  sheep,  or  Llama,  a 

genus  allied  to  the  camel. 
Angora. — A  district  in  Asia  Minor  which  gives  its  name 

to  the  Angora  goat,   the  hair  of  which   is    called 

mohair. 
AnthracSBmia,   another  name   for    wool-sorters'  disease, 

from  anthrax  And  haima  (blood),  because  the  anthrax 

is  found  in  the  blood. 
Back-washing. — Washing  wool  a  second  time,  but  after 

it  has  been  through  one  or  more  operations,  and  is 

made  into  a  sliver. 
Barrel  of  Bobbin. — The  body  of  the  bobbin  on  which 

the  thread  is  wound. 
Belt. — The  endless  strap  (usually  of  leather,  but  some- 
times of  cotton  or  indiarubber),  by  which  power  is 

transmitted  from  one  pulley  to  another. 
Blending. — The  mixing  of  various  materials  or  different 

qualities  of  the  same  material  together. 
Boss  of  a  Roller. — The  body  of  the  roller  as  distinguished 

from  the  axle  on  which  it  turns. 
Breast  of  a  Card. — A  lai-ge  roller  in  a  carding  machine, 

intermediate  between  the  "  lickers-in  "  and  the  first 

swift. 
Burrs. — The  name  popularly  given  to  .seeds  with  bristles 

or  hooks  projecting  from   them,  which  stick  to  the 

fleeces  of  sheep. 
Can. — A  receptacle  of  tin,  usually   cylindrical,   from   24 

to  36  inches  high,  and  10  or  12  inches  diameter,  for 

holdinc:  slivers  of  wool 
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Cap. — A  steel  cup  placed  with  the  mouth  downwards 
over  the  spindle  of  a  cap  frame,  just  large  enough  to 
cover  the  spinning  bobbin. 

Carbonisation. — Burning  by  acid  any  vegetable  matter 
which  is  found  in  wool. 

Carriage  of  a  Mule. — That  portion  of  a  mule  spinning 
frame  which  contains  the  spindles,  and  travels  back- 
wards and  forwards.  i 

Carriers,  or  Carrying  Rollers. — Small  rollers  for  support- 
ing the  slubbing,  or  roving,  between  the  back  and 
front  rollers  of  drawing  machines  and  spinning 
frames. 

Carrying  Comb. — The  portion  of  the  nip  comb  which 
carries  the  wool  from  the  nip  to  the  circle. 

Cellulose. — A  term  applied  to  the  cellular,  or  vesicular 
matter  found  in  the  nervous  centres.  It  consists 
essentially  of  vesicles  or  cells.  It  has  until  lately 
been  presumed  to  be  limited  to  vegetable  struc- 
tures. 

Condenser. — That  part  of  a  woollen  carding  machine 
which  separates  the  wool  when  it  comes  off  the  last 
doffer  into  a  number  of  small  rovings  or  rubbings 
ready  for  mule  spinning. 

Count  of  Card  Clothing. — The  number  of  wires  set  in  a 
straight  line  across  a  sheet  of  clothing  five  inches 
wide. 

Counts  of  Yarn. — The  number  given  to  any  size  of  thread 
according  to  the  number  of  hanks  (560  yards)  that 
weigh  1  lb.,  i.e.,  36's  yarn  has  36  hanks  of  560  yards 
each  in  1  lb. 

Crown  of  Card  Clothing. — The  number  of  wires  in  one 
inch  along  a  sheet  of  clothing. 

Differential  Motion  of  Cone  Drawing. — The  wheels  which 
make  a  bobbin  revolve  at  a  varying  speed  as  it  be- 
comes fuller,  independently  of  the  flyer. 

Doffer. — The  roller,  or  cylinder,  of  a  carding  machine 
between  any  two  swifts  which  carries  the  wool  fi'om 
the  one  to  the  other. 
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Draft. — The  dra^ving  out  of  one  or  more  ends  of  sliver 
or  slubbing  delivered  by  a  pair  of  rollers  into  one 
thinner  end  by  means  of  another  pair  of  rollers. 

Drag. — The  resistance  of  a  bobbin  on  the  spindle  and 
washer,  as  it  is  pulled  round  by  the  yarn  when  it  is 
being  spun. 

Drawing. — The  preparation  of  wool  previous  to  spinning, 
but  after  combinfj  or  cardinsr. 

Driven. — A  pulley,  or  wheel,  which  is  driven  (though  it 
may  itself  drive  others),  and  which,  if  increased  in 
size,  causes  those  which  follow  it  to  work  at  a 
decreased  speed. 

Driver. — A  pulley,  or  wheel,  which  drives  others  (though 
it  may  itself  be  driven),  and  which,  if  increased  in 
size,  causes  those  which  follow  it  to  work  at  an 
increased  speed. 

Extract.- — ^The  wool  derived  from  waste  woollen  materials 
which  have  been  woven,  or  otherwise  mixed  with 
cotton  or  linen. 

Fallers. — The  steel  bars  with  upright  pins  set  in  them, 
which  are  carried  by  means  of  a  pair  of  screws  from 
the  back  rollers  of  a  gill  box  to  the  front  rollers,  and 
then  fall  down  to  a  lower  pair  of  screws,  and  are 
carried  back  again. 

Fancy. — A  roller  on  a  carding  machine  which  acts  as  a 
brush  to  raise  the  wool  out  of  the  swift. 

Felting. — The  property  which  enables  a  number  of 
fibres  of  wool  to  interlock  and  join  together,  so  that 
they  form  a  compact  whole,  and  each  fibre  cannot  be 
separated. 

Flocks. — The  waste  from  finishing  machines  in  cloth 
mills,  whicli  is  used  again  to  cheapen  yarn  and 
make  it  bulky. 

Flyer. — A  horizontal  steel  bar  with  two  vertical  arms, 
each  with  an  eye  or  twizzle  at  their  lower  extremi- 
ties, which  is  placed  on  the  si)indle,  and  round  one 
arm  of  which  the  yarn  is  wound  as  it  i)asses  on  to 
the   bobbin.      Owing   to   its  rotatory  speed    being 
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greatei'  than  that  of  the  bobbin,  it  puts  twist  into 
the  yarn. 

Flyer-eye. — The  twist,  or  curl,  which  is  given  to  the  ex- 
tremities of  the  flyer,  forming  a  sort  of  ring  for  the 
yam  to  pass  through,  sometimes  called  the  twizzle. 

Gauge  point.^ — A  fixed  numben  which  can  be  used  to 
shorten  calculations  for  finding  the  draft  and  twist 
of  yara,  &c.,  and  which  is  obtained  by  condensing 
all  the  fixed  quantities  in  any  such  process  of  calcu- 
lation, and  extracting  from  them  their  result. 

Gill  Box. — A  machine  for  drawing  out  and  levelling  wool, 
either  before  or  after  combing.  Its  essential  fea- 
tures are  a  pair  of  back  and  a  pair  of  front  rollers, 
with  a  set  of  fallers  travelling  between  them  by 
means  of  screws. 

Hank. — A  skein  of  thread  of  a  fixed  length,  560  yards 
for  worsted  ;  840  yards  for  cotton,  (fee,  <fec.  ' 

Hog. — The  name  given  to  the  wool  of  one-year-old  sheep 
which  have  not  been  jtreviously  clipped. 

Kemp. — A  solid,  glazed,  and  horny  kind  of  hair  which 
grows  on  badly-bred  sheep,  rarely  more  than  two 
inches  long,  which  cannot  be  twisted  into  the  thread 
in  spinning,  and  will  not  take  the  same  colour  when 
dyed  as  the  rest  of  the  wool. 

Lea,  or  Rap. — The  parts  into  wliich  a  hank  or  skein  is 
divided  when  it  is  being  reeled. 

Leading. — Flyer  is  leading  the  bobbin  when  the  former 
revolves  faster  than  the  latter.  In  cone  drawing, 
either  can  lead  the  other,  but  in  all  other  drawings 
the  flyer  must  lead. 

Leasing. — The  tying  separately  of  each  lea  or  rap.  The 
band  with  which  this  is  done  is  called  "  lease  band." 

Licker  in. — The  first  rollers  of  a  carding  machine  which 
draw  or  lick-in  the  wool. 

Lifter. — The  plate  which  travels  up  and  down  the 
sj)indles  of  a  drawing  box  or  spinning  frame,  and 
on  which  the  bobbins  rest,  and  are  thus  lifted  up 
and  down. 
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Lustre. — The  glossy  or  shiny  appearance  which  alpaca, 

mohair,  and   some  English  wools,   such  as  Lincoln 

and  Yorkshire,  possess,  and  which  causes  materials 

made  of  them  to  look  bright 
Milling. — The   same   as   felting;    also,   the   process  by 

which  the  felting  is  carried  on. 
Mohair. — The  hair  or  wool  of  the  Angora  goat. 
Mule. — A  sort  of  spinning  frame,  on  which  all  woollen 

yarn  is  spun.     Another  form  of  it  is  also  used  for 

cotton  and  worsted. 
MungO. — The  worked-up  waste  from  hard-spun  or  felted 

cloth,  which  is  used  again  for  low  woollen  yams. 
Nip  of  Comb. — The  portion  of  the  Lister  or  nip  comb 

which  is  formed  by  two  plates  closing  together  and 

drawing  the  wool  which  is  between  them  through 

the  fallers. 
Nip  of  Rollers. — The  point  where  a  pair  of  rollers  touch 

each  other,  and  where,  consequently,  they  hold  or 

nip  the  wool. 
Noil. — The  short  wool  which  is  separated  from  the  long 

by  a  combing  machine. 
Picking. — The  travelling  of   the  bobbin  up  and  down 

the  spindle  in  the  process  of  being  filled,  so  that  it 

may  be  equally  full  all  over. 
Pot-eye. — A  little  cup  with  a  slit  in  it,  set  in  a  spinning 

frame  for   the   thread  to  run  down,  and  to  avoid 

friction. 
Hatch. — The  distance  between  the  back  and  front  rollers 

in  a  drawing  machine  or  spinning  frame. 
Roving. — The  process  of  drawing  next  before  spinning. 
Saddles. — The  steel   bars  in   a   gill  box  on  which  the 

fallers  travel. 
Scribbler. — The   name   usually  given   to  the   first   and 

second  cards  in  the  woollen  trade. 
Serrations,   or  Serratures. — The  fine  teeth  or  points 

which  project  from  the  surfaces  of  fibres  of  wool, 

and  which  interlock  with  each  other  in  the  process 

of  felting. 
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Shoddy. — The    worked-up   waste    of    soft    ■woollen    or 

worsted  goods  which  have  not  been  milled,  such  as 

stockings,  merinos,  &c.  j  and,  also,  opened-out  spin- 
ning waste. 
Sizing. — The  process    of   dipping   a  warp    into    a  thin 

paste  composed   of  flour,   starch,  or  other   similar 

material,   in  order   to   give    it   strength    and   bind 

together  all  loose  hairs. 
Sliver. — A  long  ribbon  of  wool  drawn  out  by  a  gill  box 

and  run  into  a  can.     It  has  no  twist  in  it,   and 

clings  together  by  the  nature  of  the  wool. 
Slubbing. — The  equivalent  of  sliver,  but  with  twist  in 

it,  and  therefore  in  the  form  of  a  slack-twisted  rope. 

It  is  made  by  a  flyer  winding  it  round  a  bobbin. 
Snarl. — A  lump  of  hard  spinning  waste,  caused  by  the 

yarn  curling  round  the  top  of  the  flyer  instead  of 

being  wound  on  to  the  bobbin. 
Spindle. — An  upright   steel    rod,  on  which  the  bobbin 

revolves,    and    at   the    top    of  which   the   flyer   is 

fastened. 
Spool. — A   wooden   bobbin,  consisting  of  a  barrel  and 

one  end  with  a  flange   on  it,  the  other  end  being 

merely  the  size  of  the  barrel,  to  enable  the  yarn  to 

be  drawn  ofi"  it  when  lying  horizontal. 
Staple. — A  lock  of  wool  formed  naturally  on  the  sheep's 

back  by  a  number  of  fibres  clinging  together. 
Strippers. — Small  rollers  which  run  on  the  top  of  the 

swifts  of  a  carding  machine,   and  carry  the  wool 

from  the  workers  back  to  the  swift. 
Stud. — A   fixed  iron  or  steel  pin  or  rod,  on  which  a 

wheel  revolves. 
Swift. — The   largest  roller  of   a  carding  machine.      It 

carries   the   wool   round  to  the  workers  from   the 

strippers,  and  thence  to  the  dofier. 
Throstle. — A  name  for  the  ordinary  spinning  frame  on 

which  English  worsted  yarn  is  S})un. 
Top. — A  ball  of  combed  wool  from  which  the  noil  has 

been  separated. 
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Traveller. — A  small  hook  of  finely  tempered  steel,  which 

runs  round  on  the  ring  of  a  ring  spinning  frame, 

being  pulled  by  the  yarn,  which  is  put  through  it. 
Twit. — A  thin  place  in  a  piece  of  yarn,  caused  by  uneven 

drawing  or  too  much  draft  in  the  spinning. 
Twizzle. — Another  name  for  the  flyer-eye. 
Washer, — A  small  round  piece  of  cloth,  with  a  hole  in 

the  centre  of  it,  which  is  placed  on  the  spindle,  and 

upon  which  the  bobbin  runs. 
Wether. — The  name  given  to  the  wool  of  sheep  of  one 

year  old  and  upwards  which  have  previously  been 

clipped. 
Wharl,  or  Wharve. — The  small  pulley  fastened  on  to 

the  spindle,  on  which  the  band  runs  which  drives 

the  spindle. 
Wheel-Draft. — The  wheel  by  altering  which  the  amount 

of  draft  in  a  machine  is  changed. 
Wheel-Tooth. — A  wheel   which   has   its    circumference 

covered  with  teeth. 
Wheel-Twine. — The  wheel  by  altering  which  the  amount 

of  twist  in  slubbing  or  yarn  is  changed. 
Wheel-Worm. — A  wheel  with  a  thread  like  that  of  a 

screw  cut  round  its  circumference. 
Yolk. — The  grease  which  is  found  in  the  wool  of  sheep, 

and  which  comes  from  perspii-ation. 
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A  CTION  of  card  wires,  199 

Alpaca,  13,  78 
Apperley  feed,  220 

"pACILLUS  anthracis,  21 

Back-wasliing,  86 
Bailey's  noil  motion,  115 
Balling  box,  117 

—  head  and  creel  feed,  216 
Balls  for  Noble's  comb,  98 
Blamire's  feed,  213 
Blending,  182, 185 
Bobbin  leading  flyer,  143 
Bobbins,  three  sorts,  152 
Botany  drawing,  128 
Boyd's  twister,  239 

Bram well's  card-feeder,  192 
Burring  machine,  189 

—  rollers,  83 
Burrs,  47 

pALCULATIONS  for  cone  draw 
^     ing,  142  to  146 

—  —  draft  of  drawing,  131 

gill  boxes,  75 

spinning,  159 

general  formulas,  159 

knockers-oft,  126 

twist  and  speed  in  spinning,  157 

twisting  different  cooats  to- 
gether, 241 

yam,  179 

Cap  frames,  160 

Carbonisation,  47 

Card,  arrangement  of,  82 

—  clothing,  86,  210-12 


Card  clothing  for  lickers-in,  81 
feeding  machines,  191 

—  Grinding  of,  207 

—  intermediate  feeding,  213 

—  rollers,  Function  of,  197 

—  Speed  of,  88 

—  -wires,  Action  of,  199 

Carding  and  preparing,  Diff'erence 
of,  85 

—  before  combing,  78 

—  Belgian,  228 

—  without  combing,  84 
Carriage  of  mule,  231 
Carrying-comb,  94,  96 
Circles  of  Holden's  comb,  110 
Nip  comb,  96 

Noble's  comb,  lOO 

Clough's  gill  box,  66 
Combing  by  hand,  90 

Holden's   or   square   moi  ion, 

110 

Lister  or  Nip,  91 

Noble's,  97 

other  machines,  116 

Condenser,  Belgian,  227 

—  Double-rubber,  223 

—  Single-rubber,  224 
Cone-drawing,  135 

—  Effect  of,  141 

—  Principle  of,  136 
Counts  of  card  clothing,  211 
yam,  178 

Covering  rollers,  209 
Crossby's  stop  motion,  176 
Crown  of  card  clothing,  211 
Cylinders,  Movable,  164 
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J^ABBING  brushes,  105 

Differential  motion,  139 
Doffers,  82,  195 

—  Double,  225 

—  Function  of,  205 

Double  drawing-otf  rollers,  107 

rubber  condenser,  223 

Draft,  Amount  of,  131 

—  for  wooUen  yam,  231 

—  of  gill  boxes,  73-9 
Drafting  twice  the  same  way,  118 
Drag,  Irregularity  of,  156 

—  of  bobbin  varies,  123,  155 
Drawing,  118 

—  Open  method,  119,  124 

—  without  gills,  128 
Drivens,  74 
Drivers,  74 

Drying  machine.  Hot-blast,  39 

Moore's,  42 

Petrie's,  40 


T?VAN  and  King's  card-feeder,  191 
^    Extract,  188 


-pALLEES,  72 
Fancy,  82 

—  Function  of,  82,  203 
Felting,  3,  11  . 
Pilletting  for  last  swift,  221 
Flocks,  188 

Flyer,  152 

—  Leading  bobbin,  144 
Fox's  ring  and  cap-frame,  170 
French  drawing,  146 

Effect  of,  148 

Position  of  porcui)ine,  147 


r^ALLIPOLI  oil,  45 
^^    Gassing,  243 
Gauge  points,  133 
Gill  boxes,  62 

Cloiigh's,  66 

Draft  of,  73 

—  —  Position  of  rollers,  71 
Principle  of,  61 


Gill  boxes.  Set  of,  68 
Speed  of  rollers,  65 


JJARD  water,  28 
Hog  wool,  14 
Hydro-extractor,  43 


JLLINGWOETH'S  twister,  238 
Intersecting  comb,  114 


JOLTS  process  of  carbonisation, 
48 

T^EMPS,  10 

Knocker-off,  125 


T  ICKERS-IN,  81, 195,  202 

Lifter  motion  for  rings,  167 


TU-AKERS-UP,  64 
MilUng,  11,  85 
Mitchell's  caps,  172 
—  stop  motion,  174 
Mixing  willey,  186 
Mohair,  13,  78 
Mule  spinning  for  worsted,  176 

woollen,  229 

Mungo,  187 

•jq-IP-COMB,  Action  of,  93 

how  to  set  it,  95 

Noble's  comb.  Defects  of,  108 

Feeding,  104 

ground  plan,  103 

NoU,  94 


/^IL,  quantity  used,  46 

Oiling,  Method  of,  70 
—  wool,  44,  182 
Oletae  oil,  45 


pINS  for  circles,  100 

■^ fallers,  72 

Poroapine  rollers,  129,  147 
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Potash  for  soap,  30 
PrepariBg,  62 


■pABAGLIATI,     Dr.,     on     wool- 

sorters'  disease,  21 
Eatch,  130 
Eeeliug,  242 
Eing  doffers,  222 
—  frames,  166 
Eoving,  127 

Eubbing  motion  in  French  drawing, 
148 


OCOTCH  feed,  219 
•^     Scouring,  243 
Scribbler,  194 
Serratures  of  wool,  3  to  7 
Setting  finger  for  mule,  232 
_  of  rollers,  200 
Shake  willey,  181 
Sheep  washing,  25 
Shoddy,  187 
Shrinking,  244 
Single-rubber  condenser,  224 
Slivers,  Levelling  of,  69 
Smith's  twisters,  238 
Soap  adulteration,  27 

—  cream,  45 

—  receipts  for,  29 

suds,  extraction  of  oil,  51 

Soda  for  soap,  30 
Softening  water,  29 
Speed  of   bobbin   varies,  123,   142, 
153 

boxes  to  correspond,  135 

cards,  88 

Spinning,  Cap  frame,  160 

—  Flyer  frame,  151 

—  General  formulas  for,  159 

—  Eftule  for  worsted,  176 
wooUen,  229 

—  ring  and  cap  combined,  170 
frames,  166 

—  stop  motions,  173 

—  the  twist,  153 

—  Three  operations  in,  150 

—  Winding  on,  154 


Square  motion,  112 
Standard  of  condition,  244 
Stop  motions  for  spinning,  173 

twisting,  238 

Strippers,  82,  195 

—  functions  of,  206 
Swift,  82,  195 

—  function  of,  203 


rpENTEE-HOOK  willey,  79 
-^     Test  for  oil,  46 

soap,  27 

Tops,  94,  116 
Traveller,  166 
Turning  rollers,  207 
Twisting,  235,  237 
Two-spindle  gill  box,  121 


-ylGOGNE  yam,  185 

WASHERS,  155 

Washing  bowl,  Petrie's,  32 

Dr.  Braun'a,  36 

Jefferson's,  35 

McNaught's,  34 

Wether  wool,  14 
Wheel,  crown,  139 

—  Mangle,  141 

—  Slubbing,  232 

—  Worm,  126 
Wiesner's  experiments,  49 
Winding,  235 

Wool,  causes  affecting  length  and 
quality,  8 

—  composed  of  cells,  3 

—  dififerent  qualities  on  each  sheep, 
15 

—  fibrous  and  porous,  4 

—  Growth  of,  1 

—  names  of  qualities,  17 

—  skin,  20 

—  soundness  of  fibre,  10 

—  -sorters'  disease,  21 
prevention  against,  23 

—  trueness  of  breeding,  9 

—  washing  at  Verviers,  38 
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Woollen,  arrangement  of  fibres,  56 

—  definition,  60 

—  diflference  from  worsted,  55,  233 

—  Processes     to    assist    form    of 
thread,  60 

—  trade,  181 
Workers,  82,  195 

—  function  of,  206 

Worsted,    arrangement    of    fibres, 
56 

—  definition,  60 


Worsted,   difference  from  woollen, 
55,233 

not  in  carding,  53 

milling,  55 

—  Processes    to    assist     form     of 
thread,  59 

—  spun  on  mule  or  throstle,  54 

—  Three  classes  of,  53,  62 


yOLK,  24,  30 
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MANUALS     OF     TECHNOLOGY. 

EDITED    UV 

PROFESSOR    AYRTON,    F.R.S., 

AND 

RICHARD    WORMELL,     D.Sc,    M.A. 


For  some  time  past  there  has  been  a  widespread  demand  on  the 
part  of  technical  students  for  text-books.  Tlie  object  of  this  series 
is  to  meet  this  demand  by  furnishing  books  whicli  describe  the 
application  of  science  to  industry. 

These  manuals  are  not  intended  to  teach  pure  science,  nor 
yet  the  methods  of  a  workshop  ;  they  are  to  form  the  link  which 
will  combine  tliese  two  essentials  for  the  modern  artisan — thought 
and  practice  ;  they  are  designed  to  make  \Torkmen  tiiinkers,  not 
n\erely  human  tools. 

To  attain  this,  it  is  most  important  to  translate  the  language 
of  the  Professor  into  the  language  of  the  workshop,  thus  giving 
to  the  British  workman  an  acquaintance  with  the  scientific  prin- 
ciples which  underlie  his  daily  work. 

No  special  knowledge  of  mathematics  or  of  science  is 
necessary  to  the  student  of  this  series,  but  it  is  expected  that  he 
will  have  been  observant  of  the  processes  carried  on  in  his  work- 
shop, which  will  be  here  scientifically  explained.  The  subjects 
will  be  treated  analytically  rather  than  synthetically ;  that  is  to 
say,  the  machine,  as  the  workman  knows  it,  will  be  taken  as  a 
whole  and  analysed,  and  special  care  will  be  taken  to  avoid  the 
method  so  common  in  scientific  books,  according  to  which  a 
number  of  abstract  principles  are  first  developed,  while  their 
practical  application  is  deferred  to  the  end  of  the  book,  which, 
probably,  the  practical  aian  never  reaches. 

As  text-books  for  the  large  and  increasing  number  of  candi- 
dates at  the  Technological  Examinations  of  the  City  and  Guilds  of 
London  Institute,  with  which  many  of  the  authors  are  connected, 
these  Manuals  of  Technology  will  be  especially  valuable.'  An 
author  in  each  case  has  been  selected  who  was  able  to  comprise 
a  well-grounded  scientific  knowledge  with  a  practical  familiarity 
with  the  minute  details  of  the  trade  treated  of  in  his  book.  Con- 
sequently, while  the  latest  and  most  approved  processes  of  manu- 
facture will  be  found  described,  the  exact  scientific  reasons  for  the 
superiority  of  these  modern  methods  over  the  older  ones  will  be 
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given  in  full,  as  well  a,s  such  indications  ns  science  would   suggest 
for  improving  the  present  processes. 

List  of  Manuals  of  Technology. 

Practical  Mechanics.  By  J.  Perry,  M.E.,  Professor  of 
Mechanical  Engineering  and  Applied  Mathematics,  City  and 
Guilds  of  London  Technical  College,  Finsbury.       Price  3s.  6d, 

[Now  ready. 

Cutting  Tools  Worked  by  Hand  and  Machine. 

By  R.  H.  Smith,  Professor  of  Mechanical  Engineering,  Sir 
Josiah  Mason's  College,  Birmingham.   Price  3s.  6d.   [Alow  ready. 

Design  in  Textile  Fabrics.    By  T.  R.  Ashenhurst, 

of  the  Technical   School,    Bradford.     With  Coloured   Plates. 

Price  4s.  6d.  [N070  ready. 

Steel    and    Iron.      By    W.    II.    Greenwood,    F.C.S.  ; 

Assoc.  M.I. C.E.     5s.  [Now  ready. 

Spinning    "Woollen    and  Worsted.       By    \v.    s. 

Bright  McLaren,  M.A.     4s.  6d.  [Now  ready. 

Electric  Lighting  and  Transmission  of  Power. 

By  W.  E.  Ayrton,  F.  R.S.  ,  Professor  of  Electrical  Engineering 
and  Applied  Physics,  City  and  Guilds  of  London  Technical 
College,  Finsbury. 

Fluid  Motors.     By  Professor  Perry,  M.E. 

Chemistry.     By  Dr.  Armstrong,  F.R.S.,  .Secretary  of  the 

Chemical   Society,   Professor   of  Chemistry,    City  and   Guilds 

of  London  Technical  College,  Finsbury. 
Flax    Spinning.      By    David    S.    Thomson,    Manager, 

Mountain  Milt,  Belfast. 

Watch  and  Clock  Making.    By  D.  Glasgow,  Vice- 
President,  British  Horological  Institute. 
The  Dyeing  of  Textile  Fabrics.    By  Professor  J.  J. 

Hummel,  of  the  Yorkshire  College,  Leeds. 

*^*  Other  Volumes  will  be  added. 

The  7iumerous  Illustrations  to  these  books  will  be  pictures  of 
the  actual  machines  as  they  e.xist  in  the  bfct  factories,  and  will  not 
be  merely  conventional  representations  conveying  but  little  inteUi- 
gence  to  the  practical  man. 

The  aim  throughout  has  been  to  prepare  books  that  shall  appeal 
at  once  to  the  workman.  Their  preparation  has  been  entrusted  to 
writers  who  know  what  the  workman's  difficulties  are,  what  infor- 
mation he  needs  to  help  him  in  his  trade,  and  this  is  presented  in 
such  a  form  that  the  reader  may  be  attracted  by  a  desire  to  learn 
the  Why  and  Wherefore,  instead  of  being  repelled  by  the  supposed 
difficulties  of  science. 
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Selections  from  Cassdl  er^  Company's 

EDUCATIONAL      WORKS. 

Arithmetic  Examples,  The  Marlborough,    down 

8vo,  cloth,  3s. 

Arithmetic  Rules,  The   Marlborough.     84  pages, 

crown  8vo,  cloth,  is.  6d. 

China  Painting.  By  Miss  Florence  Lewis,  of  the 
Lambeth  School  of  Art.  Witli  i6  Coloured  Hates,  and  a 
selection  of  Wood  Engravings,  together  with  full  instructions  to 
the  Pupil.     Oblong  crow  n  4to,  cloth,  5s. 

Commentary  for  Schools.  Consisting  of  the  separate 
Books  of  the  New  Testament  Commentakv- fuk  English 
Readers  (Edited  by  the  I>ord  Bishop  of  Gloucester  and 
Bristol),  in  Small  Volumes,  suitable  for  Educational  pur- 
poses : — 

An  Introduction    to    the    New   ;    Corinthians  I.  and  II 


Galatians,      Ei'HESiANs,      and 

Philu'pians.     3s. 
CoLOSSiANS,  Thessalonians,   and 

Timothy.     3s. 


Testament.     2s.  6d. 
St.  Matthew.     3s.  6d. 
St.  Mark.    3s. 
St.  Luke.    3s.  6d. 

St.  John.     3s.  6d.  I   Titus,  Philemon,  Hebrews,  and 

The     Acts    of    the     Atostles.    ;  James.    '35. 

3s.  6d.  Peter,  Jude,  and  John.     3s. 

Romans.     2s.  6d.  The  Revel.\tion.     3s. 

Decisive  Events  in  History.     By  Thomas  Akchek. 

With  Sixteen  Original  Illustrations.      Seventh  Edition.     E.xtra 
fcap.  4to,  cloth,  3s.  6d.  ;  or,  cloth  gilt,  gilt  edges,  5s. 

"  These  turning-points  of  history  are  well  told  and  admirably  illus- 
trated."— Educational  Tivies. 

Decorative     Design,     The     Principles     of.      By 

Christopher  Dresser,  Ph.D.     With  Two  Coloured  Plates 
and  numerous  Illustrations.     Cheap  Edition.    Cloth,  5s. 

Drawing. 

How  to  Draw  Elementary  Forms j  Models,  &c.    120  Studies 

in  Freehand.     By  Charles  Kyan.     Pnce  6d. 
How  to  Draw  Floral  and  Ornamental  Forms.      80  Studies  in 

Freehand.     By  Charles  Ryan.     Price  6d. 
How  to  Draw  Landscapes,  Trees,  Ships,  &c.     60  Studies  in 

Freehand.     By  R.  P.  Leitch.     Price  6d. 
How  to  Draw  Animals,  Birds,  and  Dogs.    64  Studies  in  Animal 

Life.     By  A.  T.  Elwes.     Price  6d. 
N.B. — The  above  Books  contain  Blank  Paper  for  copying  each  example. 


Cassell  &  Company,  Limited  :  London,  Paris  &  New  York. 
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Drawing  Books,  Superior, 

Printed  in  Facsimile  by  Lithography,  are  also  published,  bound  in  cloth, 

gilt  lettered,  price  5s.  each. 
HoMV  to  Draw  Figures.     96  Graduated  Studies  from  Life. 
How  to  Draw  in  Freehand.     96  Graduated  Studies  of  Models.' 
How  to  Draw  Floral  and  Vegetable  Forms.    96  Studies  from 

Nature. 
Animal  Drawing.     A  Series  of  Graduated  Drawing  Copies.     By  A.  T. 

Elwes.     With  96  pages  of  Drawings.     Crown  410,  cloth,  55. 

Encyclopaedic  Dictionary,  The.    A  New  and  Original 

Work  of  Reference  to  all  the  Words  in  the  English  Language, 
with  a  Full  Account  of  their  Origin,  Meaning,  Pronunciation, 
and  Use.  Five  Divisional  Volumes  now  ready,  price  los.  6d. 
each,  or  the  Uouble-Divisional  Vols,  bound  in  Two,  half- 
morocco,  21S.  each. 

Energy  in  Nature.    V>y  Wm.  Lant  Cari'e.ntek,  H.A., 

B.Sc,  Fellow  of  the  Chemical  and  Physical  Societies,  and  of 
the  Society  of  Chemical  Industry  ;  Lecturer  for  the  Gilchrist 
Educational  Trust.  With  80  Illustrations.  Crown  8vo,  cloth, 
3s.  6d. 

English  Literature,  Library  of.    Edited  by  Professor 

Henry  MoRLEY.   With  Illustrations  taken  from  Original  MSS., 
&c.     Each  Vol.  complete  in  itself. 
The  Five  Volumes  handsomely  bound  in  half-morocco,  ^5  5s. 

N.B.  —  The  first  Volume  of  the  Popular  Edition  is  now  ready, 
price  js.  6d. 

English  Literature,  Dictionary  of.  Being  a  Compre- 
hensive Guide  to  English  .Authors  and  their  Works.  By  W. 
Davenport  Adams.     720  pages,  extra  fcap.  4to,  cloth,  los.  6d. 

English    Literature,    A    First    Sketch    of.      By 

Henry  Mori.ey,  Professor  of  English  Literature  at  University 
College,  London.  Comprising  an  Account  of  English  Litera- 
ture from  the  Earliest  Period  to  the  Present  Date.  912  pages, 
crown  Bvo.     Ninth  Edition.     Cloth,  7s.  6d. 

Euclid,  Cassell's.  Being  the  First  Six,  with  the  Kleventh 
and  Twelfth  Books  of  Euclid.  122nd  Thousand.  Edited  by 
Prof.  Wallace,  M.A.     A-'tw  Edition.     Cloth  limp,  is. 

Euclid,  The  Eirst  Four  Books  of,  for  the  use  of 

Primary  Schools.     Paper,  6d.  ;  cloth,  gd. 
French-English  and  English -French  Dictionary, 

Cassell's.  i86th  Thousand.  Compiled  by  Professors  Dk 
LuLME  and  Wallace.  Revised  and  Corrected,  from  the  7th 
and  Latest  F2dition  of  the  Dictionary  of  the  French  Academy, 
by  Professor  Roub.\ud,  B.  A.  (Paris).  Crown  8vo,  1,150  pages, 
cloth,  3s.  6d,  ;  or  in  superior  binding,  with  leather  back, 
4s.  6d.  
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Cassell  <L  Company'' s  Educational  Works — cant  in  tied.  \ 

French,    Cassell's   Lessons   in.      Nno  and  Revised  \ 

Edition.  107th  Thousand.  Corrected  according  to  the  7th 
Edition  (1877)  of  the  Dictionary  of  the  French  Academy,  and 
considerably  Enlarged,  by  Prof.  E.  RouBAun,  B.A.  Parts  I. 
and  II.,  cloth,  each,  2s.  6d.  ;  complete,  4s.  6d.     Key,  is.  6d. 

Galbraith  and  Haughton's  Scientific   Manuals. 

By  the  Rev.  Professor  Galbraith,  M.A.,  and  the  Rev.  Pro- 
fessor Haughton,  M.D.,  D.C.L.,  F.R.S.     Cloth,  red  edges. 
Hydrostatics.    3.S.  6d. 


Arithmetic.      Containing     nearly 

2,000  Examples.     3s.  6d. 
Plane  Trigonometry.    2s.  6d. 
Euclid.     Book..  I.,  II.,  III.    2s.  6d. 
„     IV.,  v.,  VI.    2.S.  6d. 
Mathematical  Tables.    3s.  6d. 
Mechanics.    3s.  6d. 
Optics.     2s.  6d. 


Astronomy,     es. 
Steam  Engine.    3s.  6d. 
Algebra.      Part  I.,  cloth,  2s.   6d. 

Complete,  7.S.  6d. 
Tides  and  Tidal  Currents.     New 

Edition,  with  Tidal  Cards,  3s. 

Geometry,    Cassell's    Course   of  Practical.      By 

Ei.i.is  A.  Davidson.  Consisting  of  64  Cards  in  Packet,  em- 
bracing the  First  and  Second  Grade  Studies.     In  Packet,  5s. 

German-English  and  English- German  Pronoun- 
cing Dictionary,  Cassell's.  With  an  Appendix  con- 
taining the  most  important  changes  introduced  into  German 
Orthography  in  1880  by  the  Prussian  Minister  of  Education, 
Crown  8vo,  864  pages.     46th  Thousand.     Cloth,  3s.  6d. 

Grammar,  The  Uppingham.    By  the  Rev.  Edward 

Thring,  Head  Master  of  Uppingham  School.     3s.  6d. 

Handrailing   and   Staircasing.    A  Complete  Set  of 

Lines  for  Handrails  by  ''Square-cut  System,"  and  Full  Prac- 
tical Instructions  for  making  and  fixing  Geometrical  Staircases. 
By  Frank  O.  Crkswell,  of  the  Liverpool  School  of  Science, 
Medallist  for  Geometry.  With  upwards  of  One  Hundred 
Working  Drawings.     Fcap.  8vo,  3s.  6d. 

History  of  England,   The  Little  Folks'.    By  Isa 

Craig-Knox.     With  30  Illustrations.     288  pages,  cloth,  is.  6d. 

Latin-English    and    English-Latin     Dictionary. 

Cassell's.  With  brief  Illustrative  Quotations,  Mythological 
Notices,  and  Short  Biographies.  Crown  8vo,  890  pages. 
48th  Thousand.     Cloth,  3s.  6d. 

Marlborough  French  Exercises,  The.  Enlarged  and 

Revised.     By  the  Rev.  G.  W.  De  Lisle,  M.A.     Cloth,  3s.  6d. 

Marlborough   French    Grammar,  The.     Enlarged 

and  Revised.  Arranged  and  C'ompiled  by  the  Rev.  J.  V . 
Bright,  M.A.,  Master  of  the  Modern  School  in  Marlborough 
College.     2s.  6d. 

Marlborough    German    Grammar,  The.     Revised 

Edition.  Compiled  and  Arranged  by  Rev.  J.  F.  Bright, 
M.A.     Cloth,  3s.  6d. 


Cassell  &  Company,  Limited  :  London,  Paris  &  New  York. 


Cassell  <0  Company's  Educational  Works — continued. 
Music,   An   Elementary  Manual  of.     By   Henry 

Lksijk,  Author  of  the  Oratorios  "  Immanuel  "  and  "Judith," 
&c.     Seventh  Edition,     is. 

Painting  in  Neutral  Tint,  A    Course   of.     With 

Twenty-four  Plates  by  R.  P.  Leitch.  With  full  Instructions 
to  the  Pupil.     5s. 

Phrase  and  Fable,  A  Dictionary  of.     By  the  Rev. 

Dr.  Bkewkk.  Giving  the  Derivation,  Source,  or  Origin  of 
about  20,000  Common  Phrases,  Allusions,  and  Words  that 
have  a  Tale  to  Tell.  Sixteent/i  Edition,  Enlarged.  Cloth, 
3s.  6d.  ;  half-leather,  43.  6d. 

Physical   Science,  Intermediate   Text-Book  of. 

By  F.  H.  Bowman,  D.Sc,  F.R.A.S.,  F.L.S.,  Fellow  of  the 
(ieological.  Chemical,  and  Royal  Microscopical  Societies, 
Straton  Prizeman  and  Gold  Medallist  in  Technology,  University 
of  Edinburgh.     Illustrated.     Extra  fcap.  8vo,  cloth,  3s.  6d. 

Popular  Educator,  Cassell's.  An  Encycloi'.*;dia  ok 
Elementary  and  Advanced  Education.  Complete  in 
Six  Vols.,  cloth,  price  5s.  each. 

Science  for  All.  Complete  in  Five  Vols.  Edited  by 
Dr.  Robert  Brown,  M.A.,  F.L.S.,  &c.,  assisted  by  Eminent 
Scientific  Writers.  Each  containing  about  350  Illustrations. 
Extra  crown  410,  cloth,  9s.  each. 

Shakspere  Reading  Book,  The.    Being  Seventeen  of 

Shakspere's  Plays  Abridged  for  the  use  of  Schools  and  Public 
Readings.  By  H.  Coukthoi'E  Bowen,  M.A.  Illustrated. 
Crown  8vo,  cloth,  3s.  6d.  ;  or  in  Three  separate  Vols.,  is.  each. 

Spelling,  A  Complete  Manual  of,  on  the  Principles 

of  Contrast  and  Comparison.  By  J.  D.  Mokell,  LL.D., 
H.M,  Inspector  of  Schools.  68th  Thousand.  Crown  8vo, 
128  pages,  cloth,  is. 

Technical  Educator,  Cassell's.  An  ENCYCLOpyEuiA 
ok  Technical  Education.  Complete  in  Four  Volumes. 
With  Coloured  Frontispiece  and  numerous  Illustrations  in 
each  Volume.  Extra  crown  4to,  416  pp.,  6s.  each  ;  or 
Two  Volumes,  half-calf,  31s.  6d. 

Tree  Painting  in  Water  Colours.     Hy  W.  11.  J.  Boor. 

With  i8  Coloured  Plates,  and  valuable  Instructions  by  the 
.Artist     Oblong  crown  4to,  cloth,  5s, 

Water- Colour  Painting,  A  Course  of.     I^cw   and 

Enlarged  Edition.  With  Twenty-four  Coloured  Plates  from 
Designs  by  R.  P.  Leitch,  and  full  Instructions  to  the  Pupil. 
Cloth,  5s. 

Cassell  &  Company,  Limited:  London,  Paris  &  New  York. 


SELECTIONS   FROM   VOLUMES 

Published  by  Cassell  &  Company,  Limited. 


India:   the  Land  and  the  People.     By  Sir  James 

Cairo,  K.C.B.,  F.R.S.     With  Map  of  India,  and  numerous 
Full-page  Illustrations.     Demy  8vo,  cloth,  7s.  6d. 

John  Bright,  Life  and  Times  of.    By  W.  Robertson. 

608  pages.     \\'itli  Portrait.     Extra  crown  Svo,  7s.  6d. 

Oliver  Cromwell:    The  Man  and   his   Mission. 

By  J.  Allanson  Picton.     With  Steel  Portrait.     Price  7s.  6d. 

Constitutional  History  and  Political  Develop- 
ment of  the  United  States.  By  Simon  Stkrnk,  of  the 
New  York  Bar.     5s. 

The  History  of  the  Year.  A  Complete  Nanative  of 
the  Events  of  the  Past  Year.     Crown  Svo,  cloth,  6s. 

England:  its  People,  Polity,  and  Pursuits.    By 

T.  H.  S.  P'SCOTT.     Cheap  Edition,  in  One  Vol.,  price  7s.  6d. 

A   History  of  Modern  Europe.    By  C.  A.  Fyffe, 

M.A.,  Fellow  of  University  College,  Oxford.     Vol.  I.     Demy 

Svo,    I2S. 

Vignettes  from  Invisible  Life.    By  John  Badcock. 

With  numerous  Illustrations  specially  executed  for  the  Work. 
Crown  Svo,  3s.  6d. 

A  Side  to  Khiva.  By  Lieut.-Col.  Fred.  Burnaby. 
Cheap  Edition,  3s.  6d. ;  People's  Edition,  6d. 

The  Life  of  the  Bt.  Hon.  W.  E.  Gladstone.     By 

George  Barnett  Smith.     Popvlar  Edition,  cloth,  3s.  6d.  ; 
Jubilee  Edition,  with  Portrait,  is. 

Russia.  By  D.  Mackenzie  Wallace,  M,A.  Cheap 
Edition,  in  One  Vol.,  with  Two  Maps,  los.  6d. 

Universal  History,  Cassell's  Illustrated.    Vols.  i. 

and  II.      With  numerous  high-class  Engravings.     9s.  each. 

Gleanings  from  Popular  Authors.  Complete  in 
Two  Vols.    With  Original  Illustrations.     Price  9s.  each. 


Cassell  &  Company,  Limited  :  London,  Paris  &  New  York, 


Vohimes  fitblishcd  by  Cassell  ^  Company,  Limikd—  coiitimicd. 
England,    Cassell's  History  of.     With  about  2,000 

Illustrations.  Nine  Vols.,  cloth,  gs.  each.  Or  in  library 
binding,  ^4  los. 

United  States,  Cassell's  History  of  the.    With  600 

Illustrations  and  Maps.  1,950  pages,  e.xtra  crown  4to.  Com- 
plete  in   Three   Vols.,    cloth,  £1   7s.;   or  in  library  binding, 

^i    lOS. 

India,   Cassell's  History  of.    With  about  400  Maps, 

Plans,  and  Illustrations.  Extra  crown  410,  Two  Vols.,  cloth, 
i8s. ;  Two  Vols,  in  One,  15s.  ;  or  in  library  binding,  ^i. 

The  Russo-Turkish  War,  Cassell's  History  of. 

Complete  in  Two  Vols.  With  about  500  Illustrations.  9s. 
each.     Library  binding.  Two  Vols,  in  One,  15s, 

British  Battles  on  Land  and  Sea.    By  jA>rEs  Grant. 

With  about  600  Illustrations.  Three  Vols.,  cloth,  ^i  7s.;  or  in 
library  binding,  £\  los. 

Old  and  New    London.     A  Narrative  of  its  History,  its 

People,  and  its  Places.  With  1,200  Illustrations.  Complete 
in  Six  Vols.,  9s.  each  ;  or  in  library  binding,  ^3. 

Old  and  New  Edinburgh.    By  James  Grant.    With 

numerous  Illustrations,  specially  executed  for  the  Work,  from 
Sketches  made  on  the  spot,  and  Authentic  MSS.  Complete  in 
Three  Volumes,  extra  crown  4to,  cloth,  9s.  each. 

Our  Own  Country.  An  Illustrated  Geographical  and 
Historical  Description  of  the  Chief  Places  of  Interest  in  Great 
Britain  and  Ireland.  Complete  in  Six  Volumes,  containing 
about  1,200  Illustrations  and  Six  Steel  Plates.  Extra  crown 
4to,  cloth  gilt,  7s.  6d.  each. 

Heroes  of  Britain  in   Peace   and   War.    By  E. 

HoDDER.  With  300  Illustrations.  Two  Vols.,  7s.  6d.  each. 
Library  binding,  One  Vol.,  12s.  6d.     Vol.  I.,  Popular  Edition, 

VrOTICE.— A     Classified    Catalogue,  givins   full    particulars    of 

Cassell   &   Company's   Publications,  ranging  in  price  from 

SIXPENCE  TO  TWENTY-FIVE  GUINEAS,  7oiU  be  sent  on  request 
post  free  to  any  address.  It  will  he  found  of  the  greatest  convenience 
to  those  who  may  be  selecting  Books  for  Special  Reading,  Educational 
Purposes,  or  Presentation,  as  it  contains  particulars  of  Several 
Hundred  Books  so  arranged  as  to  show  at  a  glance  the  various  Works 
in  this  Valuable  Selection,  which  can  be  procured  at  the  prices  named 
at  all  Booksellers'  and  at  the  Bookstalls. 

tr  Request  for  Catalogue  should  he  addressed  to 

CASSELL  &  COMPANY,  Limited, 

Ludgatt  Hill,  London. 
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